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LETTER OF TRANSMITTAL 

To HJB Excellency Edwin Waefibld, 

Govemor of Maryland and President of the Geological Survey 
CommissioD. 

Sir: — I have the honor to preeent herewith the third Tolnme of a Beries 
of reports dealing with the systematic geology and paleontology of 
Maryland. The preceding Tolumee have dealt with the Eocene and 
Miocene deposits and the remains of animal and plant life which they 
contain. The present volume deals with the two most recent didsions of 
geologic time, the Pliocene and Pleistocene which have exercised a 
potent influence npon the surface configuration and soils of Maryland 
and a thorough knowledge of which cannot be overestimated from an 
educational and scientific viewpoint. I am. 
Very respectfully, 

WiLUAH BCI.LOCE ClABC, 

State Geologist. 

JOBHB HOPKDfB UltlTEBfirrT, 

Baltihore, October, 1906. 
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PREFACE 

The present volume is the third of a series of repcrts dealing with 
the systematic geology and paleontology of Maryland. The first and 
second volumes of the series were devoted to discussions of the Eocene 
and Miocene deposits while the present volume comprises a discussion 
of the next younger geological formations known as the Pliocene and 
Pleistocene. The publication of this report will complete the geological 
history of the youngest of the major divisions of geologic time, the 
Cenozoic, extending from the end of the Cretaceous to the present Sev- 
eral other reports on the systematic geology of the State are well under 
way. It is not the intention to issue these volumes in geologic sequence 
but according to the progress of the work. Each volume is a unit in 
itself and represents a monographic study of a portion of the geological 
column as it is developed in Maryland. 

Maryland, considering its limited area, contains a remarkably com- 
plete sequence of geological formations representing nearly every horizon 
from the Archean to the Pleistocene although these vary greatly in thick- 
ness and in the completeness of the faunas and floras which they contain. 
Moreover, the situation of Maryland, extending from the low-lying 
Eastern Shore to the Continental divide in Garrett county, makes any 
study of its geological conditions a means of assistance to students in 
contiguona States along the Atlantic Coast 

These reports when completed will give to the geologist and general 
reader a comprehensive view of the geological vicissitudes through which 
Maryland has passed from the earliest geological period to the present, 
and to the scientific investigator in nearby areas a reference or classic 
locality in which the general problems have been worked out. 

The Pliocene and Pleistocene formations, to the elucidation of which 
the volume is devoted, have had a potent influence in determining the 
surface configurations and soils of Maryland. They are the youngest 
formations usually considered by geotogiata and the physiographic and 
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paleontologic records of their history have been only slightly obecured 
by succeeding events. The deposits of the earlier or Pliocene formation 
are devoid of organic remains, bat the same is not true of the Fleistocene. 
Not many truly marine species have heretofore been found -in the 
Pleistocene deposits along the Atlantic Coast and few, compared with 
the abundant faunas of the Eocene and Miocene, have been found in 
Maryland. The investigations of the Survey during a term of years 
have brought to light several fossil-bearing localities in which the fauna 
is marine. Elsewhere within the State terrestrial animals and plants 
have been found giving a diversified fauna and fiora to these deposits. 

The Pliocene and Pleistocene deposits of Maryland have been studied 
for many years by the author of this paper although very little has been 
published hitherto regarding the subject. Three folios have been pre- 
pared for the IT. S. Geological Survey by the author and his aasociatee 
in which the Pliocene and Pleistocene deposits have received extensive 
treatment. 

Dr. B. L. MiUer, who has been aasociated with Dr. Shattnck for many 
years in a study of the Pliocene and Pleistocene formations, is the author 
of the Dover folio and also the associate of Dr. Shattuck in the prepara- 
tion of the Patuxent and St. Mary's folios and has more recently extended 
the study of these formations into Virginia and North Carolina. 

The paleontological studies have been conducted by several investi- 
gators. The Mammalia have been studied by Dr. F. A. Lucas of the 
Brooklyn Academy of Arts and Sciences; the Reptilia by Dr. 0. P. Hay 
of the American Museum of Natural HiBtory ; the Insecta by Dr. E. H. 
Sellards of the University of Florida; the Crustacea, MoUusca, Coelen- 
terata and Protozoa by Dr. William Bullock Clark, State GeoI(^st; the 
Bryozoa by Dr. E. 0. Ulrich of the D. S. Geological Survey and the 
Plantae by Dr. Arthur HoUick of the New York Botanical Garden. Mr. 
Paul Bartsch of the Smithsonian Institution has made a very exhaustive 
study of the PyramidelUds from the Maryland Quaternary and Tertiary 
deposits in connection with his studies of this family and the results of 
his work have been incorporated not only in the Miocene but in the pres- 
ent report. 

The State Geological Survey desires to express its thanks for the aid 
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which has been rendered by the several experts vho have contributed to 
this volume, also to the U. S. Geological Survey and the U. S. National 
Museum. Uany important suggeBtions have also been received from 
Dr. W. H. Dall of the latter institution. A large number of the draw- 
ings with which the report ie illustrated were prepared by the late 
Dr. J. C. McConnell, and like all of his work, are unrivalled in the field 
of paleontological illustration. 
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THE PLIOCENE AND PLEISTOCENE 
DEPOSITS OF MARYLAND. 

BY 
GEORGE BURBANK SHATTUCK. 



INTSODTTCTION. 

Geogrsphers have long recognized three phyeiogTaphic regions within 
the Uiddle Atlantic slope. They are known, beginning on the west, aa 
tiie Appalachian Mountains, the Piedmont Flateaa, and the Coastal 
Plain. WMle each one of these regions has its own peculiar topographic 
characteristics, they nevertheleSB, pass into each other with insensible 
gradations. The Appalachian Moimtain region is composed of flat- 
topped ridges separated by deep, steep-sided and flat-bottomed vaUeys. 
The Piedmont Plateau exhibits a rolling surface which along its eastern 
margin is dissected by deep river gorges. The Coastal Plain, although 
built up of terraces, has also developed a rolling topography along its 
western margin where it blends with the Piedmont Plateau, but through- 
out most of its eastern half it is as flat and featureless ae the noted plain 
regions of the West. 

The Appalachian region has been carved from folded beds of lime* 
stone, shale, and sandstone. The Piedmont Plateau consists of metamor- 
phosed sedlmeuts into which have been intercalated great areas of igneous 
lociiB, while the Coastal Plain is made up of unconsolidated sediments 
composed of clay, matl, sand, and gravel which have been derived in a 
large measure from the older land surfaces to the west. The Pliocene 
and Pleistocene deposits are almost exclusively conflned to this Coastal 
Plain region although they lap up on the eastern margin of the Pied- 
mont Plateau and are represented io the Appalachian Kountain region 
by accumulations of sand and gravd along the rivers. 
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The deposits of the Appalachian Mountain and FiGdmont Plateau 
regions are very ancient, extending from Archaean, down through 
Paleozoic to early Mesozoic and, aa stated above, are all consolidated. 
The deposits of the Coastal Plain, on the contrary, are much younger. 
Their oldest formations do not date back further than the Jurassic period 
and their youngest beds are now in the process of deposition. They are 
all unconsolidated with the exception of a few ledges which are of local 
and subordinate importance. The Pliocene and Pleistocene beds which 
are among the latest of the Coastal Plain deposits are developed as a 
series of terraces lying one above the other and covering the entire 
Coastal Plain as a mantle, except along certain of the drainage lines 
where the rivers have succeeded in partially stripping them away and 
revealing the older beds beneath. It is to the study of this surficial mantle 
of clays, loams, sands, and gravels that this monograph is especially 
devoted. 

Although fossils are not wanting in the Pleistocene deposits of Mary- 
land, yet they are not uniformly distributed, but are confined to a few 
localities which are grouped for the most part near the margin of 
Chesapeake Bay and its estuaries. It is, therefore, impossible to rely on 
fossil evidence alone for the correlation of the various formations, and 
although this line of evidence has been iised whenever available, it has 
been found more helpful to employ the criteria of topography than that 
of paleontology. This is correlation by what McGee has called the 
method of " homogeny." 

From the bottom to the top of the Coastal Plain deposits of Maryland, 
the formations are separated by a large number of unconformities. 
Studies which have been prosecuted by those who have worked in this 
region have shown that the eastern border of North America has be«i 
alternately below water receiving deposits and above sea level undergoing 
erosion. This uneasiness of the sea margin exhibited throughout Meso- 
zoic and early Cenozoic time is still more manifest and striking through 
later Cenozoic and Recent time. Among the most interesting discoveries 
which have come to light in prosecuting the work on the surficial deposits 
is the undoubted oscillations of the land border. These results have an 
important bearing on the theory of isostasy. 
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During the summer of 1C08, nearly three hundred years ago. Captain 
John Smith made his memorable voyage of diacovery in Chesapeake Bay, 
Of the long line of adventurers, explorers, and geologists who have 
traversed this region in search of information, he was the first. It ia 
with grea^interest, then, that we turn to Smith's narrative for the earliest 
published observations on the Coastal Plain of Maryland. 

" The mountains are of divers natures : for at the head of the Bay 
the roekes are of a composition like Mill stones. Some of Marble, &c. 
And many peeces like Christall we found, as throwne downe by water 
from those mountaines. For in Winter they are covered with much 
snow, and when it dissolveth the waters fall with such violence, that it 
causeth great inundations in some narro valleys, which is scarce per- 
ceived being once in the rivers. These waters wash from the rocks such 
glitering tinctures, that the ground in some places seemeth as guilded, 
where both the rocks and the earth are so splendent to hehold, that better 
judgements than ours might have been perswaded, they contained more 
than probabilities. The vesture of the earth in most places doth mani- 
festly proue the nature of the soyle to he lusty and very rich. The colour 
of the earth we found in diverse places, resembleth bole Armoniac, terra 
sigillata ad Lemnia, Fullers earth, Marie, and divers other such appear- 
ances. But generally for the most part it is a blacke sandy mould, in 
some places a fat slimy clay, in other places a very barren gravell. But 
the best ground is knowne by the vesture it beareth, as by the greatnesse 
of trees, or abundance of weedes, &c." 

With these meager notes which were not published until 1612-14, 
Smith summarized practically all he had to say of the geology of the 
region, but from this statement as a nucleus our knowledge has grown 
year by year until, after the lapse of nearly three centuries, we are not 
only familiar with the various deposits, their origin and distribution, 
but are also able to explain the more important conditions under which 
they were formed. 

A far more important contribution was the map of Chesapeake Bay 
and vicinity which Smith executed with remarkable accuracy, considering 
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the means and time at his disposal. This map was employed by ex- 
plorers and coloniste for many years, and although the earliest, was 
superior to many other maps which appeared later. 

Almost one hundred years elapsed after tiie publication of Smith's 
narrative before naturalists turned their attention toward the deposits of 
the Coastal Plain. This long delay in studying the geology of tide- 
water Maryland was doubtless due to the lack of precious metafs through- 
out the region as well as to tiie great difficulty encountered in thoroughly 
exploring a country which was only partially settled. When interest 
was finally aroused, it centered about the deposits of iron-bearing clays 
on the one hand and the fossil-bearing marls on the other, so that the 
surficial cover of gravel and sand waa either erroneously interpreted or 
neglected altogether. Of all the Coastal Plain deposits it has been the 
last to receive minute systematic study. 

After the publication of Smith's narrative, the first paper to appear 
bearing on the geology of the Coastal Plain was by Silvain Godon in 
1S09. When he made this contribution, none of the various Coastal « 
Plain formations had been recognized, but all the unconsolidated 
materials lying between the eastern margin of the Piedmont Plateau 
on the west and the Atlantic Ocean on the east were thought to belong 
to one great deposit. This Godon called " alluvion soil," applying his 
description to that portion of the Coaatal Plain which lies between 
Baltimore and Washington, He further said that " Washington City is 
built on alluvial land." 

In the same year William Maclure published a paper which may be 
considered as truly classic. His studies embraced a wider sphere of 
observation than did those of his predecessor, for in the colored geological 
map which accompanies his publication he includes all the eastern por- 
tion of the United States. The great major divisions, such as the uncon- 
solidated deposits of the Coastal Plain, the crystalline rocks of the 
Piedmont Plateau, and the folded sedimentaries of the Appalachian 
mountain system, are recognized on his map, but the individual forma- 
tions which make up these various physiographic regions are not 
recognized in much detail. In treating of the Coastal Plain, he has not 
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added materially to the observationa of Oodon other than to show the 
diBtributioQ of the " Alluvial." This paper wae re-printed, in substance 
at least, in various periodicals in 1811, 1817, 1818, and 1836. Maclure'a 
views seem to have attracted considerable attention at the time for they 
were discussed in 1820 by Hayden in his famous " Geological Essays," 
and again by Parker Cleaveland in bis treatise on Mineralogy and 
Geology in 1822. Hayden attempted to show, in his Geological Kssays 
just mentioned, that the " Alluvial " was deposited by a great flood 
which came down from the north and crossed llforih America from the 
noriieast to southwest. 

Professor John Finch, an Englishman who happened to be travelling 
in America at about the time that Hayden and Cleaveland were 
publishing their views, visited the Coastal Plain of Maryland and 
collected extensively from the fossil beds in which he took great interest. 
On returning to Europe he published a most entertaining account of his 
geological experiences and drew some interesting conclusions based on 
his field observations. In a publication which appeared in 1824, Finch 
took exception to the classification proposed by hia predecessors. He 
believed that the deposits which they had thought to be one, and had 
grouped under the term " Alluvial " were really more complex. He 
regarded them as contemporaneous with the Lower Secondary and 
Tertiary of Europe, Iceland, Egypt, and Hindostan, but he went even 
further than this and subdivided the " Alluvial " into Ferruginous Sand 
and Plastic Clay. The Ferruginous Sand corresponds, at least in part, 
to the Lafayette and Columbia deposits of our present classification. 
Finch also observed the huge boulders which are so common thronghont 
the Columbia deposits. They confirmed him in the belief that the 
Ferruginous Sand was deposited dui-ing a cataclasmal upheaval by great 
floods from the north and northwest. Hia words in this connection are 
interesting. "After the production of these regular strata of sand, clay, 
limestone, ete. [Tertiary of Finch, G. B, S.], came a terrible eruption of 
water from the north or uorthweet which in many places covered the 
preceding formations with ' diluvial ' gravel and carried along with it 
those immense masses of granite and older rocks which attest to the 
present day the destruction and ruin of a former world." 
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Four years later Venuxem and Morton undertook & more detailed 
division of the Coastal Plain deposits. They distingniehed four horizons 
which they called Secondary, Tertiary, Ancient Alluvial, and Uodem 
Alluvial. Their descriptions are vague and as few localities are given, 
it is difficult to understand exactly what limits they intended to give to 
their various depoaits. However, it is quite certain that their Ancient 
and Modem Alluvial was intended to embrace, at least in part, what is 
to-day known as Lafayette, Oolumbia, and Bec«it. This conclusion is 
borne out by the significant statement made by them that " bones of the 
mammoth, and other mammiferous terrene quadrupeds found in this 
region, belong to the two Alluvials." 

In 1830 Conrad began the publication of his interesting and important 
series of papers on the organic remains of the Maryland Coastal Plain. 
In the first one of these he called attention to the " diluvial " deposit 
of sand and gravel which covers the peninsulas of Maryland and excludes 
from view the underlying formations except where they are exposed in 
ravines. He made no attempt to sub-divide this " diluvial," but was 
attracted by the fossil horizons at Wailes Bluft near Cornfield Harbor, 
which he apparently thought distinct in age from the overlying gravels. 
Conrad's account of this section was so accurate that there is no difficulty 
in recognizing the locality and little need be added to his original de- 
scription. He made a sharp distinction between the fossil-bearing clays 
below and the nnfossiliferous cross-bedded gravel and sand above. He 
also drew attention to the fact that the fossils had a very recent aspect 
and many of them were identical with living forms inhabiting the 
shore of the United States, and as they were " sub-fossilized," they 
resembled some of the more recent formations of the West Indies. Two 
years later Conrad made an attempt to sub-divide the surficial deposits 
which he had previously designated by the general term " diluvial," 
He separated them into " Diluvium " which he described as composed of 
sand, clay, and rounded fragments of rock containing remains of large 
quadrupeds and deposited without order or arrangement by violent 
currents. He correlated it with the Gravier coquillier or Crag. The 
more modem aspects of the surficial cover he called "Alluvial" and 
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defined it aa " all deposits derived from causes now in operatioQ," such 
ae accumulatioDS of mnd along river courees, drifting sand, peat-bogs, etc. 
A few years later, in 1839, he came to the conclusion that the huge 
angular blocks in Uie " Diluvial " were transported and deposited there 
by glaciers or icebergs. 

While Conrad was still engaged in studying the Coastal Plain forma- 
tions, Ducatel and Alexander began the publication of a series of State 
reports which covered the period between 1834 and 1839. Alexander was 
engaged in the engineering phases of the work, while Ducatel devoted hie 
time to geological investigations. As his attention was directed more to 
the economic side of geology, he gave his efforts to the iron ore-bearing 
clays of the Potomac beds and the shell and marl deposits of the Tertiaiy 
formations, and paid little attention to the overlying eurficial deposits of 
loam, sand, and gravel. He, theref(S'e, added very little to the knowledge 
which was current at that time, but regarded the entire mantle aa 
" diluvial," in this respect following strictly in the footsteps of hia 
predecessors. 

Five years later H. D. Rogers, in an address delivered at the meeting 
of the Association of American Geologists and Naturalists, referred 
briefly to the fossiliferous deposits at Cornfield Harbor (Wailes Bluff). 
He believed thera to be either post-Pliocene or Pleistocene and drew 
attention to the fact that they contained certain forms which at the 
present day inhabit warmer waters. He suggested that this change 
of climate might be due to a change in the course of the Gulf Stream 
or to an incursion of a current of icy water, from the north or to " some 
more inscrutable agency." 

After this discussion of Rogers, nothing more seems to have been 
contributed on the question until Desor, eight years later, referred once 
more to the deposits at Wailes Bluff. He gave a list of the fossils 
from this locality as determined by Conrad and concluded with Rogers 
that the beds were of post-Pliocene age and correlated them with the 
Laurentian quaternary of the north. In regard to the bouldera found 
scattered over the surface, he believed them to have been floated down 
the Potomac on icebergs. When Tyson referred to the surficial deposits 
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in 1860, he was more guarded in his Btatemente. He thought them, 
at least m part, post-Tertiaiyj and concluded that the materials out of 
which they were built must have been transported from the north and 
west. Seventeen years later W. B. Sogers referred to the gravel and 
cobble-stone deposits of the Middle Atlantic States and added consider- 
ably to the obserrations of earlier geologists, in that he recognized in these 
snrficial deposits aboot Richmond, Washington, Baltimore, and Wil- 
mington materials derived from the Paleozoic formations to the west. 
He concluded that these were brought down by the present streams when 
the land stood lower and the rivers were flooded toward their headwaters 
by the melting ice of glaciers. He thus correlated these deposits with the 
glacial period. 

The next year Stevenson referred to the terraces developed along the 
river courses of western Maryland and suggested that they were cut at 
about the time of the glacial epoch. Three years later, in 1881, Lewis, 
working down into Maryland from the north, recognized his Bryn Mawr 
gravels on a hill near Elkton. Many of the hills which surround Elkton 
are capped with Lafayette gravel, the equivalent of the Bryn Mawr, 
white some are covered with younger deposits. As no name is given 
to the particular hilltop on which the supposed Brjn Mawr gravels 
were found, it cannot be determined at the present time whether Lewis 
actually discovered Bryn Mawr gravels or whether he confused it with 
one of the later deposits of tlie Colxunbia group. 

In 1884 and 1885 Chester of Delaware contributed two interesting 
papers on the age and origin of the surficial formations. He divided 
them into a high level or Bryn Mawr gravel which he considered as 
possible Cretaceous, and Delaware gravels in which he recognized two 
phases, the red sand and Philadelphia brick clay, which he considered 
contemporaneous and of Quaternary age. Kext he distinguished Estuary 
sands which he also placed in the Quaternary and bog clay which he 
believed to be " Modem." Moat of Chester's remarks refer to the State 
of Delaware, but he spent considerable time in studying the gravel depoaife 
as they are developed about the head of Chesapeake Bay in Maryland. 
He concluded that the region must have been depressed at least 360 feet 



dbyGoogle 



MARYLAND GEOLOQICAL SUBVET 31 

and that the deposit of gravel, sand, and loam now found in Cecil county 
was brought in by the flooded waters of the Delaware and re-worked by 
tiie waves of the Atlantic Ocean. He, therefore, makes the gravels which 
cover the hilltops and rest in the valleys of Cecil county of one age. 
He also regards the deposits around Snow Hill, Maryland, as belonging 
to his Estuary eand epoch. While Chester was publishing the results of 
his studies, W. B. Rogers made an interesting suggestion in that he 
pointed out that there was evidence of an ancient coast line along the 
contact between the Piedmont and Coastal Plain regions or approximately 
in the position of what we now know as the " fall line." Chester had 
the same year, 18S4, attempted to establish the shore line of the ancient 
sea which deposited the gravels in Cecil county and had gone bo far as to 
construct a map showing the distribution of the gravels. As he made all 
the graves of one age, he was obliged to seek his shore line near tho 
weetem margin of the highest of the gravel series and, therefore, was 
attempting to discover the shore line of the liafayette sea. Rogers, on the 
other hand, was referring to a shore line which was of much later age, 
belonging well within the Pleistocene period. These two references are 
most interesting as they are the first suggestions in- literature of shore 
lines in the Coastal Plain deposits. 

While Chester was at work on the surficial deposits along the north- 
em border of Maryland, Professor W J McGee had been studying the 
same formations farther to the south. His field of observation was 
much wider than that of Chester and although many of the conclusions 
at which he arrived have been modified by later study, yet it must be 
remembered that McGee laid the foundation for future work and prose- 
cuted his studies wholly without the aid of contour maps which are 
so essential and indispenBable in unravelling the various formations of 
the Lafayette and Columbia groups. McGee announced the results of 
his investigations in a aeries of articles which appeared between the 
years 1886 and 1889. As they, in a large measure, depend one on the 
other, they will not be considered separately, but his general conclusions 
will be discussed as a whole. According to McGee the Lafayette formation, 
which was described as a series of orange-colored loams, sands, and 
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gravelfl, extended up from the south and occupied the divides and higher 
portions of the Coastal Plain of Virginia aa far north aa Fredericksburg. 
It was not recognized in Maryland. Distinct from these deposits both in 
origin and age was another series of loams, sands, and gravels which 
McQee designated as the Columbia formation. These filled the valleys of 
the present streams and covered the divides between them. This forma- 
tion was divided into two phases, fluvial and inter-fluvial. The fluvial 
phase was composed of deltas which were deposited under water by those 
streams in whose valleys they now lie, when the land stood lower than it 
does at the present time. The inter-fluvial phase was developed on the 
divides and was a littoral deposit made by the waves which beat against 
the coast at the same time the rivera were building their deltas. The two 
phases were, therefore, contemporaneous and graded over into one an- 
other. The fluvial phase exhibited a distinct bi-partite division. The 
upper member consisted of a brick-clay and loam, and the lower member 
was composed of sand, gravel, and hnge boulders. The material as a 
whole was coarser near the mouths of the gorges where (he rivers leave 
the Piedmont Plateau to pass into the Coastal Plain than in the more 
remote portions of the deltas. The inter-fluvial phase possessed no such 
regularity of bedding, but was indiscriminately composed of clay, sand, 
and gravel largely of local origin. These delta deposits were identified 
in all the principal rivers of the Middle Atlantic slope and were found 
particularly well developed in the valleys of the Potomac, Susquehanna, 
and Delaware. Due to the presence of these huge boulders, which 
were evidently ice-borne and indicated a climate much colder than exists 
to-day in the same region, aa well as to the fact that the Columbia, when 
traced northward, was found to pass under the terminal moraine, McQee 
concluded that it was Quaternary in age and belonged to the earlier 
glacial advance. These beds, since tbeir deposition, have been raised and 
tilted BO that they now lie higher in the regions to the north than they do 
farther south. Their present elevatioii was fotmd to be about 600 feet 
on the upper Susquehanna and 245 feet at its month; 400 feet on the 
upper Delaware ; 145 feet on the Potomac ; 125 feet on the Rappahan- 
nock; 100 feet on the James, and 75 feet on the Boanoke. McGee also 
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noted certain vell-defined terraces which veie distribated over the entire 
region, and spoke of them as follows : 

" There is a practically cDntinuona aeries of terraces and beach marks 
along the fall line from the Boaooke to the terminal monune — a seriee 
of shore lines as distinctiTe and tuunistakable as those circtunBcribing the 
Talleys of the estinct lakes of the Great Basin, of India, of northern 
Arabia, or of the partially ice-bound basins of Minnesota, Michigan, 
Ohio, and New York, thongh they are generally more profoundly modified 
by erosion and are frequently concealed by forests. These shore lines 
embody an easily interpreted record of geologic vicissitude which coin- 
cides in every detail with that of the Colombia deposits. They are 
sometimes carved out of the sub-terrane, but are generally built of the 
loam, sand, and gravel of which the Columbia formation consists and 
are evidently coeval therewith. Now it is evident that these terraces are 

water fa^loned; but they are not fluvial The forces concerned 

in the formation of the Middle Atlantic slope terraces acted horizontally 
over great distances and with uniform energy for a considerable period, 
filling depressions, softening contours, and obliterating relief, yet so 
gently that essential homogeneity of deposit in the horizontal direction 
and essential uniformly in surface prevails for miles. Only the nn- 
dulatory and horizontally acting force of waves appears competent to 
produce so great expanses of uniform surface and constant structure as 
are exhibited in this region." ' 

A summary of McGee's views r^arding the various land movements as 
expressed by the present state of the Lafayette and Colombia deposits 
is as follows: 

Poet-Cfaesapeake elevation and erosion. 

Lafayette (Pliocene?) depression and depoaltlon. 

FoBt-LafB7ette elevation and eroalon of at least 600 

feet; present topography defined. 

Early Columbia (Pleiatocene) depression of about 200 feet and depo- 
sition. 

Poat-ESarly Colnmbia elevation and erosion. 

Later Colnmbia depression of about 100 feet and deito- 

Bltion. 

■Amer. Jour. Sd., vol. xzxv, 188S, pp. 387-388. 
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Post-Later Columbia elevation and erosion. 

Present depreselon and deposition. 

N. H. Darton took up the investigation of the aurficial deposits at 
the point where McGee left them. His publications on this subject began 
in 1891 and extended down to 1901. During these few years Darton 
added greatly to our knowledge of the Lafayette and Columbia deposits 
although some of his conclusions have since been modified by other 
workers. The general results of his investigations may be summarized 
as follows : 

According to Darton, the Lafayette formation does not end at Fred- 
ericksburg, but crosses Maryland, Delaware, and Pennsylvania into New 
Jersey in disconnected areas. In discussing this he said: "The north- 
ern termination of the deposits was siipposed to be near Potomac creek, 
a few miles north of Fredericksburg ; but I have found that while there 
is a break in its continuity in the region east of the Potomac river, it soon 
begins again and thence continue northward probably through Maryland, 
and in attenuated scattered outcrops, through Delaware and into Penn- 
sylvania and New Jersey. It is displayed in the high terraces about 
Washington, and it caps nearly all the higher terrace levels of the 
" Western shore " of Maryland northward to the latitude of Baltimore. 
Still farther northward it is confined to outliers on the divides along 
the western margin of the coastal-plain region; but at the head of 
Chesapeake Bay it extends farther eastward and, iu the high Elkridge, 
caps the Cretaceous and Potomac formations over a considerable area."' 

The Lafayette was also described as continuing down the peninsula 
of the Coastal Plain. In this connection be said ; " I have found that 
the formation extends eastward down the coastal plain peninsulas nearly 
to Chesapeake Bay, These peninsulas consist of remnants of an elevated 
plain, occupied by a sheet of Lafayette deposits, and originally con- 
tinuous over the entire coastal plain. This plain is inclined gently 
eastward, its altitude decreasing from 500 feet in the Piedmont region, 
to from 60 to 80 feet in the vicinity of Chesapeake Bay, where it is 

•Bull, Geol, Soc. Amer., vol. 11, 1891, p. 445. 
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terminated bj an abrupt descent to the low Pleistocene terrace bordering 
the bay to a width of several miles." ' 

The Columbia of McGee was found by Darton to be divisible into an 
earlier and a later member, which were developed lE well-defined terraces, 
the fonner lying nonnally above the latter. The land surfaces upon wJiich 
the Lafayette and Columbia terraces were deposited were raised and tilted 
at various times in such a manner that only in that part of the Coastal 
Plain which lies near the Piedmont was the normal sequence present, 
while in that portion bordering on Clicsapeake Bay the normal sequence 
was reversed. This state of things was brought about in the following 
way : At the close of the Tjafayettc deposition, the surface on which that 
formation rested was raised and tilted so as to slope eastward toward the 
sea, and after suffering considerable erosion, it was depressed in such 
a manner that its eastern portion was submerged while its western margin 
bordering the Piedmont Plateau remained above water. In the estu- 
aries thus formed and along the coast, the earlier Columbia formation 
was then deposited. This formation, therefore, built up a terrace below 
that of the Lafayette in the heads of the estuaries near the Piedmont, 
but covered up the Lafayette surface where it was submerged to the 
east. While the deposition of the earlier Columbia was still in progress, 
the Coastal Plain again tiitod so as to bring that portion of it lying 
to the northeast and ajrainst the Piedmont above water, while the south- 
eastern portion was still further depressed. The later Columbia was in 
its turn deposited in the estuariw beneath the earlier Columbia where the 
latter had been elevated, and above it where it had been depressetl. 
Consequently tlie three formations near the Piedmont were developed in 
separate terraces lying one above the other, the Lafayette at the top, with 
the earlier Columbia in the middle and the later Columbia at the bottom, 
while in the eastern submerged portion the formations were not devel- 
oped in terraces, but in a continuous series, with an erosive break between 
the Lafayette and the earlier Columbia. In this region the sequence 

'Amer. Geo]., vol. 1)t, 1891. p. 181. 
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ran, beginning at the top, later Columbia, earlier Columbia, ancl 
Lafayette. (Fig. 1,) 

Darton has published a number of geologic maps from time to time 
in which these relationa are depicted. In an early map of the Washing- 
ton region which was published in 1891, he included only two formations 
of gravel, the Lafayette and Columbia, but in the Washington folio which 
appeared in 1901, three formations of gravel arc portrayed, the earlier 
and later Columbia and Lafayette, developed in distinct terraces, lying 
one above the other. The Nomini and Fredericksburg folios of the 
Geologic Atlas of the United States convey his ideas regarding the se- 
quence of gravel in portions of southern Maryland and eastern Virginia. 



Fig. 1. — Diagram showing structure and dfetrlbutlon of aurflclal deposits in 
the Middle Atlantic slope according to N. H. Darton. 

In these publications he distinguishes two gravels lying in distinct ter- 
races, the Lafayette above, covering the divides and the Columbia beneath, 
occupying the valleys. 

During the year 1898, while Barton's publications were still appear- 
ing, there arose an interesting discussion regarding the age and origin 
of certain clay lenses found at various places near tide level under one 
of the lower terraces of the Columbia group. These lenses have been 
found to contain vegetable remains such as cypress-stumps, logs, roots, 
twigs, seeds, cones, leaves, etc., and animal remains including insect and 
invertebrate fossils, the latter found especially at Wailes Bluif near the 
mouth of the Potomac and at Langleys Bluff five miles south of Cedar 
Point on the Bay shore. These last two localities were mentioned and 
described long ago by Conrad. Mr. A. Bibbins, from the examination of 
one of these clay deposits carrying cypress-stumps, near Bodkin Point 
at the mouth of the Patapsco river, concluded that they were Earitan in 
age. Dr. Philip E. Uhler, after examining a number of similar deposits 
fariier up the Patapsco river near the head of Baltimore harbor, con- 
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Fig. I.— view showing Sunderland 

FOREGROUND, ELKTOH, CECIL COUl 



FiC. 2. — VIEW SHOWINC SURFACE OF LAFAYETTE PLAIN NEAR CHELTENH 
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eluded that they were Becent and gave them the name of the McHenry 
formation. Dr. William H. Dall confined his observations to tlie locality 
at Wailea Bluff and atated that, while they have generally been referred 
to the Pleistocene, it ia probable that they will actually be found on 
further research to be Pliocene in age. The author, who had enjoyed 
greater opportunities for studying these clay lenses and had observed them 
in various parts of tide-water Maryland, suggested that they all belonged 
to one formation and thought it not unlikely that subsequent investiga- 
tions would show that they were contemporaneous with ihe famous Fish 
House clays near Philadelphia in New Jersey. Three years later in 
1901, after further study, he concluded that all of these clay lenses be- 
longed to one formation and were a part of the latest Pleistocene form- 
ation, the Talbot, 

In May, 1901, while the Waahington folio was stiU in press, the author' 
published a paper in which, after reviewing the work of McGee and 
Darton on the surficial deposits of Maryland and that of Prof. R. D. 
Salisbury in New Jersey, he summarized the results of several years of 
investigations. As these will be brought out later in this monograph, 
it need only be said here that the surficial deposits were found divisible 
into five formations which are developed as terraces lying one above the 
other from tide level to over 500 feet, the oldest located on the highest 
elevation. The formations and terraces were called Lafayette, Sunder- 
land, Wicomico, Talbot, and Eecent. The author further showed that 
they were formed by the continued action of river, estuarioe, and ocean 
agencies. 

While this paper was in press Professor Salisbury and the author 
jointly examined the Columbia deposits of Maryland and New Jersey, 
In the following autumn (1901), the report of the State Geologist of 
New Jersey for 1900 was issued, to which were appended a few pages 
by Professor Salisbury on " The Surface Formations of Southern New 
Jersey," in which a comparison was instituted between the New Jersey 
and Maryland classifications. The views expressed in this paper were 

• Johns Hopkins Univ. Clrc. No, 168, reprinted In Amer. Geo!,, vol, 28, pp. 
87-107, Aug.. 1901, 
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more in harmony with those given by the author in the article above 
mentioned and already published, than were the earlier Btatements of 
Professor Salisbury in the New Jersey reports. Several differences of 
moment materially afEecting the classification were still maintained and 
so far as known still exist. 

A detailed discussion of the Columbia Group around the head of the 
Chesapeake Bay was given by the author in 1902 in his report on Cecil 
county.' 

A comparison of the classifications of Darton, Salisbury, and the author 
is presented in the following tables: 

DartOQ Shattuok Dartnn 

(Waehlngtiin region.) Tt'coluniblB.i ' ' (Southern Maryland.) 

Later Colnmbla \ 'Jlf,'''°',„„ i Colarabia 



I Talbot ) 
i Wicomico \ 



Earlier Columbia Sandorland) 

Lafayette Lafayette J 



Tatbut (lower portioaa of Later Parts of Cape May and Penaauken. 

Columbia) 
Wicomico (higber portions of Later Parts of Cape May, PensHuken aitd 

Colnmbla) possibly BridgetoD. 

Sunderlaud (Earlier Columbia) Parts of Cape May, Pensauken and 

Bridget on. 

A number of investigations have been made on the economic products 
of the Lafayette and Columbia formations. The most important of these 
have been contributed by Professors Wm. B. Clark and Milton Whitney, 
Doctors E. B. Mathews, Heinrieh Bies, and J. A. Bonsteel, and Messrs. 
A. N. Johnson, C. W. Dorsev, and B. T. A. Burke. In 1891 Whitney 
began a series of publications on the soils of Maryland in which he 
described the particular soils found throughout the Lafayette and Co- 
lumbia belts. These papers, however, were preliminary to a more ex- 
tensive work carried on under his direction and in co-operation with the 
Maryland Geological Survey by Messrs. Dorsey, Bonsteel, and Burke. 

•Md. Qeol. Survey, Cecil County, 1902, pp. 46-48. 169-173, 179-184. 
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As a result of this work, soil maps with accompanying descriptiTe teit 
have been isened for Cecil, Calvert, Kent, Prince George's, and St. Mary's 
coantiee. Aa these publications are accessible, tbey will not be discnflsed 
further in this place. Mathews, in 1902, described at some length the 
mineral resources of Cecil county where he took into consideration the 
Talue of certain gravels found among the surficial deposits, and Bies in 
the same year published analyses of certain of the Columbia clays. One 
of the most important contributions on the economic geology of the 
Lafayette and Columbia deposits is that made by Clark and Johnson who, 
in 1899, published a report on the highways of Maryland in which was 
shown the value of the surficial deposits in the construction of roads. 
A large number of maps were published, showing the distribution of this 
road material. 
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(Repub.) The True Travels, Adventuras, and Obseiratlona ot Captain* 
John Smith In Europe, Asia. Atrlka, and America, etc. Richmond, 1819, S 
vole. — from London edition o( 1639. 

Plnkerton'a Voyagree and Travels, vol, 18, 4to, London, 1812, pp. 1-253^- 
trom London edition of 1624. 

Bug. Scholars Library No. 16. (For bibliography ot Smith's works and 
their re-pnbllcation, eee pp. cxxx-cxxsll.) 

IhU work contsiDB manr tnterestlDg notes on the phrBlosraphf of CbeeapMke B*J 
and Iti trltnitarlea, and briefly describee tbe dsji and sravelj bIodk their shores. 

1809. 

GoDON, SiLVAiN, Observations to serve for the Mineralogical Map of 
the State of Maryland. (Bead Nov. 6, 1809.) 

Trans. Amer. Phil. Soc, o. s. vol. vl, 1809, pp. 319-823. 

Obaerratlona on tbe nre« about Wublogtoti and Baltimore. 

&U tbe Coait«l Plain ■edimenta are described briefly as " Alluvium Sail." HI* descrip- 
tion haa to do prlnclpallj with the deposits now known as Potomac 



dbjGoogle 



MARYLAND QEOLOQICAL SOBTEY 41 

Macldee, Wm. Observations on the Geology of the United States, 
explanatory of a Geological Map. (Kead Jan. 20, 1809.) 

Traiu. Amer. Phil. Soc, o. a. vol. t1, 1S09, pp. 411-428. 

Jour. d« Phys., Ixlz, 1S09, pp. 204-213. 

All CoutBl rialD sedlmeDts are clasacd as " AllnTlum." No Beparate menlloD Ib made 
of the deposits dow koonn em Plelatocene. 

1811. 
MitCLURE, Wm. Suite dee observatiouB Bur la gtelogie des Etats- 
Unis, Journ. de phys., de chim, et d'hist, nat., vol. Ixxii. Paris, 1811. 
With map. pp. 137-lti5. 
Same as above. 

1817. 

Macldee, Wm. Observations on the Geology of the United States 
of America, with some remarks on the effect produced on the nature 
and fertility of soils by the decomposition of the different classes of 
rocks. With two plates. 18mo. Phila., 1817. 

a claealc work glrlng msny refereoces to the limits and character of the geoloslcal 
rermatloiu in MarrlaDd. The text nod map (120 m. to the loch) represent the Cre- 
taeeoaa extending southwest to Ibe Saaqaehamia 0DI7. All land to the ■outbenit of 
" PrimltlTe " la " Alluvium " in Mainland. Pases lOS-lOT deal especially with Maryland. 

1818. 

Maclorb, Wm. Observations on the Geology of the United States 
of America, with some remarks on the probable effect that may be 
produced by the decomposition of the difEerent classes of Rocks on 
the nature and fertility of Soils. Two plates. 

Republished In Trans. Amer. Phil. Soc., vol. I, n. e., 1818. pp. 1-91. 

Leon. Zelt, 1, 1826, pp. 124-138. 

Much the saJae as above. 

MiTcniLL, Samuel L. 007167*3 Essay on the Theory of the Earth. 
To which are now added Observations oir the Geology of North Am- 
erica. 8vo. 431 pp. Plates. New York, 1818. 

The book contains two flgures of an elephant's tooth from Maryland. 

Contains references to Eastern Shore of Maryland. 



Hayden, H. H. Geological Essays; or an Inquiry into some of the 
Geological Phenomena to be found in various parts of America aad 
elsewhere. 8vo. pp. 413. Baltimore, 1820. 

cites Maryland localltlea, especlnlly about Baltimore, In anpport of his theory. 
Cites the flndlDK of nameroos mastodon teeth In Maryland. 
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1822. 

Cleaveland, Parker. An elementary treatise on Jlineralogy and 
Geology. 6 plates. 2d edition in 3 vols. Boston. 1823. 

Tbe outline of tbe " Alluvial Depofilts " of Haclure Is reproduced, tofietlier with bis 
map. lie refers brleSi to tbe cbaracler of tbe material. The Flelatoceoe material! 
teem lo hare ittricted big gttPDtlon mr re thao most of tbe otber Coastal TIbId fortaa- 



1824. 

Finch, John. Geological Essay on the Tertiary FormationB in Am- 
eriea. (Head Acad. Nat. Sci. Phila., July 15, 1823.) 

Amer. Jour. Scl., vol. vll, 1824, pp. 31-43. 

Dl>jMtB to Maclurc'a use of AlluTlam bdO ahowa tbat the formations so called are 
mostly Tertfarj. 

Sntp« that ■■dlluylal" deposits coTCr tbe region. ThU ■' diluvial" In In iiarl at 
leaal whnt le to-da; known a« Columbia. 

1828. 

Vancxem, L., and Morton, S. G. Geolopeal Observations on Sec- 
ondary, Tertiary, and Alluvial formations of the Atlantic coast of the 
United States arranged from the notes of Lardner A'anuxem. (Read 
Jan. 1828.) 

Jour. Acad. Nat. 9ci., Phlla., vol. vl, 1829, pp. 69-71. 

Tho Coastal I'lalu deposit! are divided toto 8ecoadar7, Tcrtlarr. AnclcDt Alluvial 
aud Modern Alluvlnl. Tbe laat two arc appareotlr locladed In what l« regarded to-daj 
as l.nfnyetle, I'lelstocene, and Ri-cent. 

1830. 

('oNR.\D, T. A. On the Gcolo^- and Organic liemains of a part ot 

the Peninsula of Maryland. 

Jour. Acad. Nat. Scl., Phila., vol. vl, pt. 2, 1830, pp. 206-230, with two plates 
Cnlii allvatloD to the "diluvial" deposit of suud and sravel which covers tbf 

surface of soulhero Marjlaad. Descrlhes the Cornfield Harbor fossil loealltr (Wallea 

lilufTl and gives list of foaslls found thera. 

1832. 

Conrad. T. A. Fossil Shells of the Tertiary Formations of North 
America illustrated by figures drawn on Stone from Nature. Phila. 
46 pp. [vol. i, pt. 1-2 (1S,32), 3-4 (1833)]. 

(Repub.) by G. D. Harris. Washington, 1893. 

(l-nrt 3 was republished with plaleA. March 1. 1.S36.) 

llFlers to the rielstoccoe deposits as " diluvial " deposit! and describes them. 
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1834. 



DcCATEL, J. T., and Alexander, J. H. Report on the Projected 
Surrey of the State of Maryland, pursuant to a resolution of the Gen- 
eral Aasembly, 8vo. 39 pp. Annapolia, 1834. Map. 

Md. House of Delegates, Dec. Sess., 1833. Sto, 39 pp. 

Another edition, Annapolis, 1831, Svo, 68 pp.. and map. 

ADottaer edition, Annapolis, 1S34, gvo, 43 pp., and folded table. 

Amer. Jour. Scl., vol. xxvU, 1S3E, pp. 1-3S. 

ItcHult* of B prellmlDarj surTej of the State, The area anil (otmatlons of tbe State 
«re dlTlded Into thne dlTislOiu corresponding to the present Coastal Plain. PledmoDt 
Plateau, and Appalachian arMO. Bog Iron ore is reported from Caroline. Dorcbeater, 
Som^raet, and ^Torcester eoantles. Mentions gravel and aand overlying ibe marls In 
soulbera Uarjland. 

Hablas, E. Critical JTotices of Various organic remains hitherto 
discoyered in Xorth America. (Bead May 81, 1834.) 

Trans. Geol. Soc., Pa., vol. 1, part 1. ISS4, pp. 46-112. 

Med. Phy. Researches, 1835 [vlth a few additions). 

The aatbor mentions apeclmena of Eqnus caballus " found Id excavating for tbe 
Cbpsapeake and Ohio Canal near Georgetown, D. C, not far from tbe Potomac River." 

1835. 
Dtjc.\tel, J. T. Geologisfe report 1834. pp. 84. 

[Another edition.] Report of the Geologist to the Ijcgisla- 

ture of Maryland, 1834. n. d. Svo, 50 pp. 2 maps and folded tables. 
Mendong tbe occurrence of und, gravel, and clay overlying older deposits. 

, and Alexander, J. H. Report on the New Map of Mary- 
land, 1834, [Annapolis] n. d. 8to, 59, i, pp. Two maps and one folded 
table. 

Md. HouBe of DeleEates. Dec. Sess., 1834. 

Mentions " dllurlal " deposits of gravel, saod, aod clay In PrlDca George's and Charles 



Ddc.^tel, J. T. Report of the Geologist, n. d. 8vo, pp. 35-84. 
Plate. 

Separate pulillcatlon {see Ducatel and Aleiander.) 

' , and Alexander, J. H. Report on the New Map of Ulary- 

land,1835. 8vo, 84, 1 pp. fAnnapoliB, 1836.] 
Md. Pub. Doc., Dec. Seas., 1835. 
Another edition, 96, 1 pp. and maps and plate. 
Engineer's Report, pp. 1-34. 
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Contains three maps for canala qe 
large scale con ton r ma pa of loutb 
explanations. 

Report of the Geologist, pp. 35-S4. 

Pbralcal geoKrapbr, geolosr, and resflurces of Dorcbeeter, Bomeraet, Worcester, nod 
St. Hai7'i couDlles. BugEesU the presence of old t>eaclies In these counties. 

, Report of the Engineer and Oeologist in relation to the 



New Map to tiie Executive of Maryland, 

Md. Pub. Doc, Dec. Sess., 1S35 [AtinapoltB, 1S36I, 8vo, 84, 1 pp., 6 maps aad 

(Rev.) Amer. Jour. ScL, vol. lut, 1836, pp. 393-394. 
Jour. Franklin Inst., vol. xvili, n. s. lS3e, pp. 172-178. 

BhoiTB Ibe report to be eeanamic and preliminary. Its sppearance is the occasion 
tar remarks on the orsanlxatlon and appropriatloiis ot tbe other then existing aurieyB. 

1837. 

DuoATEL, J. T. Outline of the Physical (3eography of Maryland, 
cmhracing its prominent Geological Features^ 

Traus. Md. Acad. Scl. and Lit., toI. 1, 1837, pp. 24-54, with map. 

Refers In many places to the aandr, clayey, and gravelly aoilB of tbe regtons. Also 
mentions tbe deposit of comparatlTely reuent shells near moath of Potomac river (Com- 
Held Harbor). 

, and Albxander, J. H. Report on the New Map of Mary- 
land, 1836. 8vo, 104 pp. and 5 maps. [Annapolis, 1837.] 

Md. House of Delegates, Dec. Sess., 1836. , 

Another edition, 117 pp. 

Brief mention la made o( the " diluvial gravel " which ov( 
wblle in a few sections glveik undoubtedly tbe upper portion 

1838. 

DccATEL, J. T. Annual Report of the Geologist of Maryland, 1837, 
[Annapolis, 1838.] 8vo. 39, 1 pp. and 2 maps. 
Md. Pnb. Doc, Dec Seas., 1837. 
Refers briefly to tbe gravel, sand, and clay deposits of Kent and Cecil eounttes, Hd. 

1839. 

CoNKAD, T. A. Notes on American Geology. Observations on char- 
acteristic Fossils, and upon a fall of Temperature in different geological 
epochs. 

Amer. Jour. Scl., vol. xxiv. 1839, pp. 237-251. 

Concludes angular blacks In " diluvial " deposits were transported by glaciers or 
Ice-be rga. 
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Ddcatel, J. T. Annual Eeport of the Geologist of Maryland, 1838. 
[Annapolis, 1839.] 8vo, map and illustrations. 33 pp. 



:r Deck In Harford aod Biltlmore coantles. 



1844. 



BooERS, H. D. Address delivered at the Meeting of the Association 
of American Geologists and Naturalists. 

Amer. Jour. Scl., vol. zlvll, lSt4, pp. 137-160. 247.2T& 

DIscuBUi briefly the depoiita at Wallei BlnS near Comfleld HarboT. Regard* them 
poit-I'lloctDe and Plelitoceae. 

1852. 

Desor, E. Post Pliocene of the Southern States and its relation 
to the Laurentian of the North and the DepoBits of the Valley of the 
Mississippi. 

Amer. Jour. Scl., M aer., vol, xiv, 1858, pp. 49-69. 

.Refera to depotlta at Wallea b[ull near Comfleld Barlwr. SeiMrds tbem •• poat- 
Pllixene. 

1856. 

Hitchcock, E. Outline of the Geology of the Globe and of the 
United States in particular, with geological maps, etc. 8vo. Boston, 
lS.i6 (3d Edition). 

llentlona remalna of Blephaa prlmlKcnlna which bare b«en found In " poit-pUoeeue " 
deposits of Maryland. 

1860. 

Tyson, P. T. First Report of Philip T. Tyson, State Agricultural 
Chemist, to the House of Delegates of Maryland, Jan. 1860. 8vo. 
145 pp. Annapolis, 1860. Maps. 

Hd. Sea. Coc. [E]. Md. House Doc. [C]. 

■ rost-TertlniT deposits of Worcester, Somerset, and I>otcb€steF conntles. 



18C9. 
Leidt, J. The Eitinct Mammalian Fauna of Dakota and Nebraska, 
including an account of some allied forms from other localities, [etc.]. 
Jotir. Acad. Nat Sci., Phlla.. n. a. yoL vii, 1869, pp. 2B6-266. 
Deacrlbtt elephants' teeth from Talbot Co. 
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isn. 

Shalek, N. S. On the Causes which have led to the Production 
of Cape Hatteras. 

Proc. Boston Soc. Nat. Hist., vol. xiv, 1871, pp. 110-121. 

Ho tbtnks tbat Delaware and Cbeaapeafce baya were eicarated by itreBiDS or rlTera 
of l<x aDd tbat the excavated material was depoaited tarlber aoutbward along t&e 
coast and produced the eandy coast o( Hatteras. 

1877. 

BooERS, Wm. B. On the Gravel and Cobble-stone Deposits of Vir- 
ginia and the Middle States. 

(Head May 19, 1875.) Proc. Boston Soc. Nat. Hfst., vol. ivHI, 1877, pp. 
101106. 

The gravels and cobbles (of tbe Columbia and Lata.vette) aboat Washlniton, Balti- 
more. RtcbmoDd, WllmliiKton, etc.. are descrltwd. and materials from tbe Potsdam and 
other Paleoiotc (ormatlonB to the westward are recogntied. These, he thinks. wer« 
brought down b; the present rivers irhen the land stood at a lower level and their 
flooded headwaters extended Into the reslon then slaclated. Thus he correlates tbe 
deposits with tbe glacial deposits. 

1878. 

Stevenson, John J, On the Surface Geolojjy of Southwest Penn- 
sylvania, and adjoining portions of Maryland and West Virginia. 
Amer. Jour. ScL, 3d eer., vol. kt, 1878, pp. Z45-2E0, 

He distlnsulshed twenty hortsontal benches Bad river terraces ranglaK In elevation 
from 680-1100 feet above tbe sea, which he rcRards as " sea beaches marking stagea of 
tbe withdrawal of the ocean." No speclSc iDCalltles are given In Maryland. 

1879. 

Fontaine, W, M. Notes on the Mesozoic of Virginia. 

Amer. Jour. Sci.. 3d ser., vol. xvll, 1879, pp. 25-39, 151-157, 229-23S. 

Makes a few Indeflnlte remarks In regard to gravelH. 



T.EWis. IT. C. On Jurassic Sand. 

Proc. Acad. Nat. Sel., Pblla., vol. uxill, 1881, p. 279. 

Recognizee Bryn Manr gravels near Elkton. 



Cook, Gkorgb H. The change of Relative Ijevel of the Ocean and 
llie Uplands of the Eastern Coast of North America. 
Proc. Amer. Assoc, Adv. Scl., vol. Jtjtxl, 1883, pp. 400-408. 

A general paper with rea^ionlng applicable to Maryland. Writer regarda oscillation 
connected with Ice movementa as the principle fnrlor. 
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Smock, J. C. The Useful Minerals of the United States, 
Mineral resources U. S., 1882, Waslilngton, 1883, pp. 664, 690-693. 
Notei presence ot fosall wood beneath Quaternary graTclB In an eiaiTalioo on 
CoDDectlc'.K Avenne, Washlnglon. D. C, 

UiiLisn, P. B. Geology of the Surface Features of the Baltimore 
Area. 

Johns HopklnB Univ. Cir. No. 21, vol. 11, 1883, pp. 52-63. 

(AbBt.) Science, toI. 1, 1883, pp. 75-76, 277. 

Menlloug preeence o( certain, probably PlointoceD^, gravelB. 

1884. 

Chester, Fmiderick D. The Quaternary Gravels of Northern Dela- 
ware and Eastern Maryland, with map. 

Amer. Jour. Scl., 3d ser.. vol. xxvll, 1884, pp. 189-199. 

SeparatM Quaternary deposits Into " Red gravels " at base and " Phllndelpbla clay " 

BooERS, William Barton. A reprint of Annual Eeports and other 
papers, on the Geology of the Virginias, sm. 8vo. Appleton, 1884. 

SugBesta the presence of nnclpnt coast tine near the position o( "fall line." 



Chester, Frederick D. The Gravels of the Southern Delaware 
Peninsula. 

Amer. Jour. Scl., 3d eer., vol. ulx, 18S5, pp. 36-44. 

Post Glacial boaldera of Snov Hill, Md.. pp. 41-43. TIili deals especially witb tbe 
Quaternary and modern deposits, thougb dlscusBlng tbe surface deposits ot tba wbole 



McGee, W J Geological Formations underlying Washington and 
Vicinity. 

Rept. Health Officer of the District o( Columbia for the year ending June 
30, 1885, hy Dr. S. Townsend, pp. 19-21, 23-35. 

(AbBt.) by author In Amer. Jour. Scl., 3d ser., vol. xxxi, 1886, pp. 473-4. 

Describes tbe cornpoaltlon and distribution of the Columbia and UDderlylDf Potomac 
(ormntlons and somttblng of the Crystnlllne rocks. 

Geography and Topography of the head of Chesapeake Bay. 

(Read to Amer. Assoc. Adv. Sei. 1886.) 

(Abet.) Amer Jour. Scl.. 3d ser.. vol, xxxll, 188G, p. 323. 
Detcribee tbe drainage and topographic features. 
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McGee, W J The Columbia Formation. 



- Ovibos cavifroDB from the Loess of Iowa. 



Amer. Jour. Bel., 3d ser., vol. zxxiT, 188T, pp. 217-220. 

A brief dlscnsilon of the condllloDS along the Middle Atlontlc slope daring Qiw- 
ttraarj time. Alao note* on the alze of the boulders depoilled in th« BDBqaebaDDB, 
PaC&pseo, and Potomac deltas In Quatemaiy time. 

White, I. C. Rounded Boulders at High Altitudes along some Appa- 
lachian Eivers. 

Amer. Jour. Scl., 3d ser., vol. xxxlv, 1887, pp. 374-381. 

Especially pp. 279 and 280 wbicb deal wltb the baiilden on the eastern side of the 
Alteghanlea, Considers these depoBlte to be due to dllTeceDt cauieB ; aubmergence about 
WaahlDstoD — even to Camberlaod — Ice dams (Wright) on western elopes, and snow slides 
which dammed tbe moaataln streams. 



Clare, Wu. B. Od three Geological Excureious made during the 
months of October and November, 1887, into the southern counties of 
Maryland. 

Johna Hopkins Univ. Clr. No. 63, vol. vli, 1888, pp. 65-67. 

Brief deacrlptlona of Pleistocene deposits occurring In sections at several points In 
southern Mac; land. 

McGee, W J The Geology of the Head of Chesapeake Bay. 

7th Ann. Rept. U. S. Oeol. Surv., 1885-86, Washington, 188S, pp. 537-646, 
plates 56-71. 

(Abst.) Amer. Geot.. vol. Iv, 1389. pp. 113-115. 

Tbe author discusses tbe bydrograpby, topograph;, eiposuces, and geological forma- 
tions ; and conclude* with a gnmmar; of the Qnatemary history as recorded In the 
Colnmblan formatloD, In Its local and more general application. 

The Columbia Formation. 



Three Formations of tbe Middle Atlantic Slope. 

Amer. Joum. Scl., 3d fer., vol. xxxv, 1888, pp. 120-143, 328-331, 367-388, 448- 
466. plate 11. 

(Absts.) Nature, vol. xmevIH, 1888. pp. 91. 190. 

Amer. Geol., vol. II, 1888, pp. 129-131. 

Appomattox and Columbia are described at length. 

Paleolithic man in America; his Antiquity and Environ- 
ment. 

Pop. Scl. Mo., vol. xxxlv, 1888-89, pp. 20-36. 
DUcusses tbe geology at the head of the Chesapeake Bay. 
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Uhiab, p. E. The Albinipean Fonnaticfn and ita nearest relatives in 
Maryland. 

Proc Amer. Phil. Soc., vol. zzt, 1S88, pp. 42-63. 
NotM Colambla ilepoalta OTerljlnf older lornatioDS. 



Class, Wm. B. DiecOTery of foseil-beaiiiig Cretaceous strata in Anne 
Arundel and Prince George's Conntiea, Maryland. 

Jotma HopklnB Univ. CIr. No. 69, vol. tIH, 1889, pp. £0-21. 

Id ■ niuntier of localities in Uie Cntaeeoo* MeUon ot th* Btau, ««ctiong m gina 
wlilcli luelnde the Flelitocene cipplag, Tbe statBment la also made tliat at eertalo 
placea the Cretaceona itrata are eDtlrel; concealed b; tbe QnaterDar; depoalta. 

Fontaine, W. M. Potomac or Younger Meeozoie Flora. 
Mono. U. S. Oeol. Surr., No. 16, 1889, 377 pp., 180 plates. 
House MtBC Doc., 50th Cohk., 2d sese., vol. xvll, No. 147. 
(Rev.) Amer. Jour. Scl., 3d aer., vol. zxxlz, 1890, p. 620 (L. F. W.}. 
Amer. Qeol, vol. v, 1890, p. 316- 

B treqncDtlr brlefl; loentloned In their relation to tbe 



MoGee, W J The Geological Antecedents of Man in the Potomac 
Valley. 



Ueleb, p. B. Additions to observations on the Cretaceous and 
Eocene formations of Maryland. 

Trane. Md. Acad. ScL, vol. 1, 1889. pp. 46-72. 
Befen Mefl; to Pleistocene depoalta. 



Claek, Wm. B. Third Annual Geological Expedition into Southern 
Maryland and Yirginfa. 

Jotme Hopkins Univ. Clr. No. 81, vol. Iz, 1890, pp. 69-71. 

Uanr Plelitoceoe eectlODs are K'ven from the aaatbem Iterjland r^on and alio a 
brief etatement of Dartan'a and McOee'a Tiewi. 

Uhlee, p. E. Notes and Illustrations to " Observations on the Cre- 
taceons and Eocene Formations of Maryland." 
Trans. Md. Acad. Scl., vol. 1, 1890, pp. 97-104. 
IfeDtlona Colnmbla depoalta In Potomac Taller, 
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1891. 

Claek, Wm, B. Correlation papers — Eocene. 

Bull, U, S. Geo!, Snrv. No. 83, 1891. 

House Misc. Doc., S2d Cong., let Bess., vol. ix, No. 26. 

(AbBt.) Johns Hopkins UnlT. Clr. No. 103, vol. Hi. 1893, p. 50. 

Gives section at Fort Wublngton, Includlog PLelstaeene materials. 

Report on the Scientific Expedition into Southern Maryland. 

[Geology; W. B. Clark. Agriculture; Milton Whitney. Archaeology; 
W. H. Holmea.] 

Johns Hopkins Univ. Cir. No. 89, vol. x, 1891, pp. 106-109. 

Olics aectloDB iDcludlng PlelBlocfuc materials. 

Dahton, N. H. Mesozoic and Cenozoic Formations of Eaatem Vir- 
ginia and Maryland. 

Bull. Geo!. Soc. Amer., vol. 11, 1891, pp. 431-450, map, eectiona. 
(Abet.) Amer. Geol., vol. viii, 1891, p. 185. 
Amer. Nat., vol. ixT, 1S91, p. 658. 

A general dlacuaalon of the dlCfereiit tormatloiiB and tbelr type localities, accomptuitvll 
by a geological map and aectloDS. 

LiNDENKOHL, A. Notcs on the enhmarine channel of the Hudson 
river and other evidences of postglacial subsidence of the middle Atlantic 
coast region. 

Amer. Jour. Sci., 3d ser., vol. xll, 1891, pp. 489-499, IS plates. 

The armtmenta are baaed on submarine topoKtaph; and balbrmettle contours, and 
embraces many bitherto unpublished facts vtUch point to a aabsldence since glacial time 
ot seTenil hundred feet (Hudaon), Sft; feet (Havre de Qrace), eleven (eet (Georgetown). 

MoGee, W J The Lafayette Formation. 

12th Ann. Kept. U. S. QmI. Surv.. 1890-91, Washington. 1891, pp. 347-521. 

A monographic ntudy Introducing a description of tbe constal plalo and the typical 
areas of the Lnfayette : a dlscnssloo of Its synonymy and a development of tbe history 
recorded In the formation. 

Geology of Washington and Vicinity. 

In Guide to Washington and Its Scientific Institutions. 
Compte rendu. International Congress of Geologists, 1891. 
House Misc. Doc, E3d Cong., 2d sees., vol. xIH, No. 107. 

Prepared with the collabaratlon of G. H. WlUIams, N. H. Darton. and Bailey Willis. 
Summary of tbe local geology. 

Whitney, Milton. Soil Investigations. 
4th Ann. Kept. Md. Agrl. Exper. Sta., College Park, pp. 249-296. 
Many bdIIb of Coastal I'leln described and their relations to Columbia and Lafayette 
deposits discussed. 

Williams, G. H, (Editor.) Guide to Baltimore, with an account of 
the Geology of its environs and three maps. 

Brief reference to OoastsI Plain deposits In vicinity of Baltimore, accompanied by 
two geological maps showing distribution of Lafayette and Columbia formations In the 
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Darton, N. H. On Fossils in the liafayette Formation in Virginia. 
Am. Qeol.. vol. >11. 1892, pp. 181-183. 

CoDtlDues Lafayette formation aloDg divides to Chesapeake Ba; wbere It termlnatee 
at an eleTatlOD ot GO lo 80 («et. Columbia (ormatloD develops below this In a terrace. 

TJhleh, p. R. Albirupean Studies. 

Trans. Md. Acad. Scl., vol. 1, 1890-92, pp. 185-202. 

Brief mention of rielatocene deposlti. 

Whitney, MiLTOSf. Beport of the Physicist. Soil Investigations. 
4Ui Ann. Rept. Md. Agrl. Bxp. Sta., 1891. Annapolis, 1892, pp. 249-296, 
Maa7 soIIb described aad relations to I.afayette and Columbia deposits Indicated. 

WiLiAMS, Geo.' H. (Editor.) Geological Map of Baltimore and Vi- 
cinity. Published by the Johns Hopkins University on the topographic 
base of the XJ. S. Geological Survey. 23^ x 24, contour 20 feet, 18 
colors. Scale 1/63,500. (J. H. U.) 

The diatrlbutlon of tbe I^faj'ette graved and tbe depoaits of the Columbia forma- 
tions are Indlcnted Id the TlclDltj of Balllmore. 

, and Clark, Wm. B. Report on short excursions made by 

the Geological Department of the University during the autumn of 1891. 

Johns Hopkins Univ. Ctr. No. 95, vol. xl, 1892, pp. 37-39. 

Descrlbea various areas about Baltimore and Wasblnston. Brief mention of Co- 
lumbia deposit*. 

1893. 

Darton, N. H. Cenozoic History of Eastern Virginia and Maryland. 
Bull. Geo!. Soc. Amer., vol. v, 1893, p. 24. 
(Abst.) Amer. Jour. Scl., 3d ser, vol. zlvi, 1893, p. 305. 

Remarks b; McGee and Salisbury Indicate that Darton sussested tbe division of tbe 
Columbia Into an upper and lower memlwr, Durtoa's paper llselt Is not published. 

Harris, G. D. Republication of Conrad's Fossil Shells of the Ter- 
tiary Formations of North America. 8vo. 181 pp. SO plates. Wash- 
ington, D. C, 1893. 

Contains an historical Introduction by Harris, giving (he dates Of publication of the 
various numbers ot Conrad's papers. Sec Conrad, 1832-1835. 

Hill, R. T. Clay Materials of the United States. 
Mineral ResourceB U. S., 1S91, Washington. 1893. 
Mentions Columbia deposits an (umlnblnn line brick cla^e. 

Whitney, Milton. The Soils of Maryland. 

Hd. Agrl. Exper. Sta., Bull. No. 21, College Park, 1893, 58 pp., map. 

■jeneral dlsmsslon of Maryland soil, Its types, texture, and absorption propertlea. 



dbjGoogle 



THE PLIOCENE AND PLEI8T00BKE DEPOSITS OF UASTLAND 



- Agriculture and Live Stock [of Maryland], 



Maryland, Its BeBOurcee, Induatrlea, and Institutions. Baltimore, 1893, pp. 
1B4-217. 

Glvea man; IntereatlDg facta on tbe lolla of the State ; their dlatrlbntloli, formation, 
and crops, pp. 181-Sli. 

Soils of Maryland. 



— ■ -- - Some Phyaical Properties of Soils in their Belation to 
Moisture and Crop Distribution. 

U. S. Dept Agrl., Weather Bureau. Bull. No. 4. WasblnKtoa, 1893. 
Ums maajr Marjlaud aotla aa lllnstratlona. 

WiLLIAics, 0. H. Mines and Minerals [of Maryland]. 

Maryland, Its Resources, Industries, and Institutions. Baltimore 1893, pp. 

89-163. 

Brief description of Colarabla brick claTS. 

— , and Class, W. B. Geology [of Maryland], 



Lafayette aod FleLatocene of State quite (nllr described. 



1694. 



Claek, Wm. Bollock. The Climatology and Physical Features of 
Maryland. 

1st Biennial Rept. Md. State Weatber Service, 1894. 
Lafayette and Columbia depoclti brlell]' described. 

Dahton, N. H, An outline of the Cenozoic History of a Portion of 
the Middle Atlantic Slope. 

Jour. Oeol., vol. li, 1894, pp. E68-ES7. 

A general Keograpblc study of tbe Tertiary, Pleistocene, and poat-Plelstocene history 
of tbe Maryland and VirBinia Coastal Plain. Two maps and sereral sectloos, 

Artesian Well Prospects in Eastern Virginia, Maryland, 

and Delaware. 

Trans. Amer. Inst Mlu. Eng., vol. xxIt, 1894, pp. 372-397, plates 1 and 2. 
Litholoslcal cbaraeter considered and sereral borings deBcrlI>ed. 

— iPredericksburg Folio, Explanatory sheets. 

U. 8. a«ol. Surv. Oeol. Atlas, folio No. 13, Washinston, 1894. 
Brief epitomized diacnsalon ol tbe local geology, stmcturc, and geolOKieal hiKtorr of 
tbp " quadrangle " studied. 

Keith, Aethdr. Geology of the Catoctin Belt. 

14th Ann. RepL U. 8. Geol. Surv., 1892-93, Washington, 1894, part U, pp. 
285-395, maps and plates. 

House Kxec. Doc, 63d Cong., 2d sess., vol. xvll, p. 285. 
(Rbv.) Science, n. s. vol. 11, 1896, p. 97. 

Refers to Lafayette and Columbia deposits In tbe vicinity of Harpers Ferry and 
pbyslographlc changes which look placo during those epochs. 
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Whitney, Milton, and Key, Sothoron. Further Investigations on 
the SoQ of Maryland. 



1895. 

Clare, Wm. B. Description of the Geological Excursions made dur- 
ing the spring of 1895. 

Jobna Hopkins Univ. Clr. No. 121, toI. it, 1895, p. 1. 

Snmmary aUtement concerning local ceologr. 

Ward, Lester E. The Potomac Formation. 

IStli Ann. Kept U. 8. Geol. Surr., 1893-94, Wasblngton, 1896, pp. 307-397, 
plates. 

Colombia depo«Ita oTerlylns tb« Potomac [ormatioas are kItcd In loinfl BecCtons. 

1896. 

Clabe, Wm. B. The Eocene Deposits of the Middle Atlantic Slope 
in Delaware, Maryland, and Virginia. 

Bull. V. 8. G«oI. Surv. No. HI, 1896, 167 pp., 40 plates. 
House Mis. Doc, 64tli Cons., 2d Bess., vol. — , No. 31. 
Brief account at Lofajette and Plelstoccoe deixralti. 

Darton, N. H. Artesian Well Prospecte in the Atlantic Coastal Plain 
Region. 

Bull. U. S. Geol. Sditv. No. 13S, 1896, 228 pp., 19 plates. 
House Misc. Doc., 54th Cong., 2d sess., vol. — , No. 28. 
CoDslderable detailed local lutarmatlon. Hd. ret. T2, 124-166. 



- Nomini Folio, Explanatory sheets. 



U, S. Geol. aurv,, Geol, Atlas, folio 23, Wasblngtoa, 1S98. 

Brief epitomised accoaot ot tbe seolof? of tbe "quadrangle" studied. 

Fontaine, Wm. M. The Potomac Formation in Virginia. 
Bull. U. S. Geol. Surv., No. 14S, 1896, 149 pp., plates. 
House Misc. Doc, 64tb Codk-, 2d Bess., vol. — , No. 36. 

e depoelta ol Fort Wasblngton bluEs are briefi; mentloiied. 



1898. 

Abbe, Cleveland, Jr. An Episode during the Terrace Cutting of 
the Potomac, 

Johns Hopkins Untv. Cir. No. 137, vol. xv, 18B8. pp. 16-17. 

Describee ■ caie Id tbe vlclntt; of Cumberlaod, Hd., which he thinks was cnt during 
one ot tbe terrace forming epochs. 
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BiBBiNs, A. A Fossil Cypress Swamp in Maryland. 

The Plant World, vol. I. 1898. pp. IG4-1S8. 

Discusses tosail Bwamp at BodhlD Point sad correlnlps It witti the Rarltia formation. 

SiHTTucK, G. B. Two Excursions with Geological Students into the 
Coastal Plain of Maryland. 

Johns Hopkins Unlv, Cir. No. 137, vol. xv, 1898. pp. 15-16. 

Pliiciisses deposits at Bodkta I'olnt. Drum Point, Cornfield Harbor, and other places. 
and Eugsests that thrj may all belong to one and the same formation. 

Uhleb, p. R. Preliminary Notice of a Recent Series of Geological 
Accumulations, the McHenrv Formation. 

Trane. Md. Acad. Scl., 1900, vol. 1, new oerieB, 1888-1900, Baltimore, 1901. 
Article Issued Nov. 19, 1898, pp. 395-400. 

Deacrllies aome recent and fossil awnmp deposits wblch are called tbe McBenrr 
tormatlon. 

Dall, W. H. a Table of the North American Tertiary Horizons, 
correlated with one another and with those of western Europe, with An- 
notations. 

18th Ann. Kept. U. S. Qeol. Surv., 1896-97, Washington, 1898, pp. 323-348. 

Regards the Latajette formation aa I'llocene and the clay-beartng fossils near 
CoraQeld Harbor aa Pleistocene. 

1899. 

Abbe, Cleveland, Jr. A General Report on the Physiography of 
Maryland. 

Md. Weather Service, vol. 1, 1899. pp. 41-21G. platea l-xlx. 

DescrHjee topography of Coastal Plain and discusses Its origin. 

Clark, William Bullock. The Relations of Maryland Topography, 
Climate, and Geology to Highway Construction. 

Md. Geol. Surv.. vol. ili, 1899, pp. 47-107. plates 111-xL 

Sbowa bow bigbwny constroctlon and Improvement bns been effected by the topo- 
graphy, climate, and distribution of geological formations wllbln the State. 

Johnson, A. N. The Present Condition of Maryland Highways. 
Md. Qeol. Surv., vol. Hi. 1899, pp. 187-263, plates iv-«xviU. 

Discusses at great length the condition o( the highways within the State and the 
mnte rials at hand by which tbey may be Improved. 



McGee. W J [The Sixteenth Sheet Section at Washington, D. C] 
Science, n. s. vol. xll, 1900, pp. 990-991. 

Suggeits tbat a portion of tbia section may be equivalent to Che Peaaaiiken of Nei 
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1901. 



BoNSlBEL, J. A. Soil Survey of St Mary's county, Md. 
Field Oper. DIv. Sotte lor 1900, U. S. Dept. Agri. Second Rept Div. Soile, 
1901, pp. 125-145, wltb map. 

DIscnsfieB Pleistocene soils irltbEa tbe coiinl; and Bbowa tbelr dlatrlbnlloD on a map. 

— — Soil Survey of Kent county, Md. 

Field Oper. Div. Bolls for 1900, U. S. DepL Agrl., Second Rept. Dlv. Soite, 
1901, pp. 173-186, with map. 

DIseasBeH solla wtthln the county and glveg tbett dlitrlbutloD on a map. 



-, and Bdbkb, R. T. Soil Survey of Calvert county, Md. 



Field Oper. Dlv. Soils for 1900, U. S. Dept. Asri, Second RepL Div. SoltB, 
1901, pp. 14T-1T1. with map. 

Dlacnmea Pleistocene aoUa vllbln the countj and shows their dtatrlbntlon on a map. 

Dorset, C, W., and Eonbteel, J, A, Soil Survey of Cecil county, Md. 
Field Oper. Dlv. SoIIb for 1900, U. S. Dept. Agrl., Second Rept. Dlv. Soils, 
1901. pp. 103-124, wltb map. 

DIscQsses Pleistocene soils within tbe count; and shows tbelr dlstrlbntlon on a map. 

Salisbury, R. D. The Surface FormationB in Sonthem New Jersey. 
Ann. Rept. State Geol, N. J. for 1900. Trenton, 1901. {Issued in Septem- 
ber, 1901.) 

Shattuck, George Burbank. The Pleistocene Problem of the North 
Atlantic Coastal Plain. 

Johns Hopkins Univ. Clr. No. 152, Mar-June, 1901, pp. 69-75. 
Amer. G«oI., vol. xxvlll, August, 1901, pp. 87-107. 

1902. 
BoNSTEEL, J. A. Soil Survey of Prince George's county, Md. 
Field Oper. Bureau Soils, 1901, U. S. Dept. Agrl., Third Rept. Bureau Soils. 
1802, pp. 173-210, plates ixl-ixv, with map. 

Discusses Pleistocene lollB within tbe count; and shows tb«lr lUstrlbuClon on a map. 

Dorset, C. W., and Bonstbel, J. A. The Soils of Cecil county. 
Md. Geol. Surv., Cecil County, 1902, pp. 237-248, plates ixxxli, with map. 
Ptamaina soils o( the couaty and shows Iheir dlBttlbullon on a map. 

Maryland Geological Survey in co-operation with IT. S. Bureau of Soils. 
Map of Calvert county showing the Agricultural Soils. Published on 
topographic base, prepared for Md. Geol. Surv. by U. S. Geol. Surv. 

25J X 38i, contour 20 feet, 8 colors and patterns, scale 1/62,500. 

Mathews, E. B. The Mineral Resources of Cecil county. 
Md. Geol. Surv. Cecil County, 1902, pp. 195-226. plates xvil-xlx. 

DiscoBses at same lensth the various rcsourcea ol the count;. 
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EiES, H. Beport on the Clays of Maryland. 
Md. Qeol. Snrv. for 1902, pp. 205-S05, plates xlx-lxix. 
DUcuises Lafajette and CotooiblB clays, gives tfsCa and stiggeaUi aaes. 

Shattuok, Q. B. Development of Knowledge concerning the Physical 
Features of Cecil county, witii Bibliography. 

Md. G«ol. Surr. Cecil County, 1902, pp. 31-62, pl&tea 11-111. 
Glvea abort blator; and btblloKraph^. 

The Geology of the Coastal Plain Formations. 

Md. Geol. Surv. Cecil Countr, 1902, with geological map, pp. 149-194, figs. 
8-11, plates ztl-xTl. 

GaolOB; la dlscuBsed at some leoKth and the dlstrtbutton ol tormatloas sbown on 
geological map. 

Tho Physiography of Cecil county. 

I. 1-4, plates li-lU. 

- The Pleistocene Problem in Maryland. 



Smith, W. G., and Majitih, J. 0. Soil Surrey of Harford county, 

Md. 

Field Oper. Bureau Soils tor 1901, U. S. Dept. Agri., Third Rept. Bureau 
Soils, 1902, pp. 211-S3T, with map. 

DlBcnssea riclBtocene boIIb witbin the county and shows their distribution on a map. 



Maryland Geological Survey in co-operation with U. S. Bureau of 
Soils. Map of St. Mary's county showing the agricultural soib. Pub- 
lished on topographic base, prepared for Md. Geol. Surv. by U. S. Geol. 
Surv. 

33f X 38J, contour 20 feet, 8 colors and patterns, scale 1/63,600. 

- in co-operation with TJ, S. Geological Survey. Map of St. 



Mary's county showing the geological formatioDS. Published on topo- 
graphic base, prepared for Md. Geol. Surv. by U. S. Geol, Surv, 
33S X 38i, contour 30 feet, 7 colors and patterns, scale 1/68,500. 

in co-operation with TJ. S. Geological Survey. Map of Calv- 
ert county showing the geol<^cal formations. [Revised edition.] Pub- 
lished on topographic base, prepared for Md. Geol. Surv. by TJ. S. Geol. 
Surv. 

25} X 38}, contour 20 feet, 7 colors and patterns, scale 1/62,500. 

Earlier edition appeared in 1902. 
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FOKEGROUND, NEAR CHARLOTTE HALL, ST. HARV S COVKTY. 
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General SraATiaRAPHio Relations. 

Throughout the Coastal Plain of the Middle Atlantic slope, the Lafay- 
ette and Columbia deposits rest on the eroded edges of the older forma- 
tions which are buried beneath them. The materials of which this 
younger mantle ie composed have been supplied in great measure by the 
destruction of the older beds on which they rest. The appearance of 
these older deposits is frequently so characteristic and striking that it is 
not a difficult matter to recognize materials which have been derived from 
them and are now re-worked in a younger formation. As so much de- 
pends on a clear understanding of the older deposits of this region, they 
will be briefly described before proceeding farther. 

PRE-CAMBRIAN AND PALEOZOIC. 

The older rocks on which the surficietl deposits rest are found along 
the eastern border of the Piedmont Plateau and range in age from pre- 
Cambrian into Paleozoic. They consist of igneous rocks of various kinds, 
such as granite, gabbro, diabase, etc., and highly crystalline metamor- 
phosed sedimentaries, among which schists and marble are important. 
When these rocks are fresh, there is no difficulty in distinguisbing them 
from the overlying sands and gravel, and even when they are decayed, a 
little practice suffices to differentiate the two. If we add to the mantle 
which covers the Coastal Plain the river terraces of western Maryland 
which are believed to be, in part at least, of Pleistocene age, it is an easy 
matter to distinguish between the shales, sandstones, and limestones of 
the mountains and the unconsolidated deposits which cover tbem along 
the river channels. 

JCRAS9I0 ( ?) AND CBBTACEOUB. 

Above the pre-Cambrian and Paleozoic rocks lie the unconsolidated 
deposits of Jurassic (?) and Lower Cretaceous age. These deposits, 
which consist of arkose, clay, sand, and gravel, are divisible into four 
formations which have been named, beginning with the oldest, Patuxent, 
Arundel, Patapsco, and Karitan. Of these the two former are believed 



dbyGoogle 



58 THE PLIOCENE AND I'LEISTOCENE DEPOSITS OF HAItVLAND 

fo be Jurassic while the two latter are referred to the Lower Cretaceous. 
These four formations taken together constitute the Potomac group. This 
group represented by either one or more of its members extends along the 
Atlantic coast nearly parallel to the present shore line almost continuously 
from Gay Head to the Gulf of Mexico. Throughout the northern portion 
of this area are found certain deposits, which have been called by Ward 
the Island series and which are believed by him to be younger than the 
rest of the series. They have suffered greatly from erosion and are con- 
sidered by him to be limited to Marthas Vineyard, Block, I^ng, and 
Staten Islands. From Raritan Bay southward to Washington City the 
beds of the Potomac group are typically developed in a continuous belt, 
but south of the Potomac river they have not been thoroughly studied and 
their distribution is not so well known. 

The Patuxent period of sedimentation was ushered in by the seaward 
tilting of a previously base-leveled land surface. The proximity of this 
formation to the ancient shore line is indicated in the arkosic character 
of its rocks. The distribution of the arkosic materials seems to depend 
on that of the felspathic rocks for it increases in their vicinity and de- 
creases rapidly, or is altogether absent, when removed from their presence. 
The cross-bedded character of the strata shows that deposition was rapid. 
A pronounced elevation closed the Patuxent epoch, revived the rivers and 
brought about a largo amount of erosion. Thia was followed by a subsi- 
dence in which many of the stream valleys but lately eroded were occupied 
for a portion of their courses by bogs and swamps. In these marshes 
there was an extensive development of plant life, and in them also were 
deposited those iron ores which are now considered of such great value. 
The presence of Teredo-boared wood indicates that there was some con- 
nection between these swamps and the ocean. After the deposition of the 
Arundel formation the region was again elevated, eroded and finally 
depressed to i-cceive the sediment of the Patapsco sea. This foimntion 
was apparently deposited in quieter and deeper waters than the one just 
preceding. A period of elevation and erosion succeeded the deposition 
of the Patapsco formation and this in turn was followed by another period 
of subsidence during which the Raritan formation of clay and sand was 
deposited. 
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The Tipper Cretaceous beds lie inicoiiforniably on the deposits of tlie 
Potomac group and consist of sand, greensand, marl, and clay. They 
extend in a broad belt from Atlantic Highlands, Kew Jersi^y, to the 
Potomac river in Maryland, These beds are more extensively developed 
throughout the northern portion of the area than in Maryland. In this 
region, not only are the beds thinner and of less areal extent than farther 
north, but they also consist of fewer formations than in New Jersey. 
Only the two basal formations, the Matawan and Itlonmouth, are present, 
the Itancocas formation terminating near the Delaware border, except 
for a doubtful locality on the Severn Blver in Anne Arundel county. 

EOCEXE. 

Above the Cretaceous deposits and lying unconformably on them occur 
two formations belonging to the Eocene. These are known as the 
Aquia and Nanjemoy. They consist of sand, greensand, marl, and clay 
and are part of a more extensive belt which extends from Delaware south- 
ward through Virginia, while an older deposit of the Eocene occurs in 
the vicinity of Shark river. New Jersey. Throughout the northern por- 
tion of this distribution, they are covered to a great extent by younger 
formations, but farther south in Maryland, particularly in the region 
between Washington and Annapolis, this covering has been removed, 
leaving the Eocene beds exposed on the surface. 



Above the Eocene deposits and unconformably resting on tliont occur 
the formations which have been assigned to the Miocene. They are three 
in number and have been named the Calvert, Choptank, and St. Mary's. 
These consist of sand, marl, and clay, and together represent the Chesa- 
peake group in this State. The SHocene deposits of this region form part 
of a more extensive series, extending from Massachusetts to Mexico. It 
is not known whether the Miocene beds ever extended across this area in 
an unbroken belt, but it is certain that erosion has destroyed much of 
their former continuity and that they are now found in disconnected 
areas. 
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The moBt northerly outcrop of the Chesapeake beds is in the cliffs at 
Gay Head on Marthas Vineyard, but material which has been provision- 
ally referred to the Miocene has been dredged on Georges Bank and the 
Banks of Newfoundland, indicating, if the reference is correct, the exten- 
sion of the Chesapeake group indefinitely northward beneath the sea. 

Immediately south of Marthas Vineyard, the Chesapeake beds dis- 
appear, but come to the surface again in New Jersey where they are well- 
developed in the hills south of Matawan, as well as along the coast near 
Asbury Park. From here, the Chesapeake beds extend southwest across 
New Jersey to Delaware. In this region, two well defined formations are 
recognized. The lower one is a greenish-blue sandy clay abundantly sup- 
plied with fossils and is seen only in the southern portion of the State, 
near Shiloh and Salem. The upper formation consists of a fine quartz 
sand and clay grading upward into gravel. This member covers the 
greater portion of the district. In deep well borings at Atlantic City, a 
third and higher formation has been discovered. In Delaware the surface 
of the country ie covered with sands and gravels to such an extent as to 
effectually obscure the underlying formations. The meager information 
which has been secured from artesian wells and natural sections leaves 
little room to doubt, however, that the central and southern portions of 
the State are underlain by the Miocene. 

The Chesapeake beds enter Maryland from Delaware a few miles south 
of Galena, and after crossing the State from northeast to southwest con- 
tinue on into Virginia. Of all the districts of the Middle Atlantic slope, 
southern Maryland is most favorably situated for the study of the 
Chesapeake group. Within the borders of this district many of the 
features which are wanting in other regions find their full development. 
The materials composing the various formations, which are sandy or ob- 
scured in other regions, here differentiate into three well defined forma- 
tions, and the organic remains, eo helpful to the geologist, while seldom 
seen to the north and only occasionally met with to the south, are in 
Maryland found in great beds many feet in thickness and miles in extent. 
In other localities, the exploration of these deposits is greatly retarded 
through lack of exposures, but in this State we have, in the famous Calvert 
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Cliffs, an almost unbroken exposure for more than 30 miles. Southern 
Maryland ie, therefore, the type locality for the study of the Miocene beds 
of the Middle Atlantic slope. 

In Virginia a^in, as in Delaware, the underlying formations have been 
60 concealed by younger gravel and sand deposits that they are seldom 
met with except along riyer courses. The best of these sections occurs 
at the famous Nomini cliffs on the Potomac river. These cliSs, although 
only two miles in extent, surpass the Calvert elifEs in height and yield the 
most comprehensive Miocene section in Virginia. Other sections are to 
be found along the Bappahannock, Pamunkey, York, and James rivers. 
Bel] field and Yorktown on the York river and Kings Mill on the James 
are classic fossiliferous localities. In North and South Carolina the state 
of knowledge regarding the Miocene is very imperfect. The beds are 
much obscured by a cover of yof^nger material and appear to occupy 
isolated areas throughout the Coastal Plain, although they may be found 
to be more continuous than at first supposed. On reaching Florida the 
Miocene beds again become more prominent and continue so around the 
southern borders of the Gulf States, through Georgia, Alabama, Missis- 
sippi, Louisiana, and Texas into Mexico. 

PLIOCENE {?). 

Above the Miocene and unconformable with it occurs the Lafayette 
formation. This is a mantle of poorly-sorted gravel, sand, and loam 
which covers the highest divides of the Coastal Plain and stretches as a 
broad belt from the Delaware river southward into Mexico. By far the 
most extensive area north of the Potomac river occurs between Washing- 
ton and Charlotte Hall. North of this region the Lafayette is repre- 
sented only in small isolated outliers, while south of the Potomac the for- 
mation, although not so thoroughly known, has suffered less from erosion 
and is believed to occupy a broad belt along the inner margin of the 
Coastal Plain. 

On account of the lack of sufficient paleontological material, the age of 
the Lafayette formation is somewhat in doubt, but it has been provision- 
aliy referred to the Pliocene until sufficient evidence is at hand to precisely 
fix its stratigraphic position. 
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PLEISTOCENE. 

Above and unconformable on the Lafayette beds occurs a series of 
gravels, sands, clays, and peats of Pleistocene age belonging to the 
Columbia group. The Pleistocene depoeita of this region form part of a 
more extensive series which are developed over the entire Coastal Plain 
from Baritan Bay southward to Florida and around the border of the 
Gulf of Mexico. With the exception of Recent sediments they are the 
youDgest of the Coastal Plain deposits and lie on the surface, constituting 
the mantle which has just been referred to as concealing the Uioceoe and 
older deposits from view. The Columbia deposits wherever found along 
the Atlantic border are developed in more or less clearly defined terraces, 
and consist of clay, sand, gravel, or ice-borne blocks, either separately 
deposited or intermixed in indefinite proportions. The gravels and 
coarse sands frequently are very much decomposed showing that they have 
been resting for a considerable period in the position in which they are 
now found. As a whole, these deposits have suffered but little from 
erosion, although locally in the immediate proximity of streams, the older 
members of the group have been eroded more extensively than the 
younger. Up to the present time the Columbia has received more atten- 
tion in Maryland, Delaware, New Jersey, and the District of Columbia 
than elsewhere although it is now being carefully studied in New York 
State. 

ItKCEKT. 

The materials which constitute the Recent deposits consist of mud, clay, 
sand, and gravel. These are deposited in deltas, flood-plains, beaches, and 
dunes, in the valleys of rivers and estuaries, and along the ocean front. 
The deposition of deltas and flood-plains has been going rapidly forward, 
at least since the settlement of the country by Europeans. Men are still 
living who distinctly remember when vessels moored and discharged their 
cargoes in places which are now occupied by extensive marshes or meadow 
lands. Such rapid deposition would doubtless not have occurred if the 
forests had been allowed to remain undisturbed, but the advent of the 
white man and the consequent destruction of the forests exposed the loose 
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material, which formB the Coastal Plain, to the erosive effect of rain and 
rivers, with the result that rapid denudation toward the head waters of 
streams has been accompanied by rapid sedimentation along the lower 
courses. Many of the larger eatuaries, such as the Patuxent, Rappahan- 
nock, and Pamunkey rivers, have been filled in toward their heads while 
shorter estuaries have been transformed to meandering streams. The 
most extensive beach and dune deposits are found along the ocean front 
extending from Sandy Hook southward. Here the waves have thrown up 
extensive barrier beaches, and the winds have caught up the loose sand and 
piled it into dunes. Behind this obstruction, which separates the ocean 
waters from an ancient irregular shore line, lie many brackish-water 
lagoons which have already been considerably filled up with mud since 
they were separated from the ocean. Chief among these may be men- 
tioned Bamegat Bay in New Jersey, Chincoteague Bay in Karyland, and 
Albemarle and Pamlico sounds in North Carolina. 

PhTSIOGRAPHT of IHB Reoion. 
The Atlantic Coastal Plain is the name applied to a low and partially 
submerged surface of varying width extending from Cape Cod southward 
through Florida and confined between the Piedmont Plateau on the west 
and the margin of the continental shelf on the east. The line of demarca- 
tion between the Coastal Plain and the Piedmont Plateau ia sinuous and 
ill-defined, for the one passes over into the other oftentimes with insensi- 
ble topographic gradations, although the origin of the two districts is quite 
different. A convenient, although somewhat arbitrary, boundary between 
the two regions is furnished in Maryland by the Baltimore and Ohio 
Railroad in its extension from Wilmington eouthwestward through 
Baltimore to Washington. The eastern limit of the Coastal Plain is at 
the edge of the continental shelf. In this region it is located about 100 
miles off shore at a depth of 100 fathoms beneath the surface of the 
Atlantic Ocean. It is in reality the submerged border of tho North 
American continent which extends out with a gently-sloping surface to 
the 100-fathom line. At this point there is a rapid descent to a depth of 
3,000 fathoms where the continental rise gives place to the o 
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The Coastal Plain, therefore). faUs naturally into two divisions, an 
emerged or subaerial divUion and a submerged or submarine dwiston. 
The Beaahore is the boundary line which separatee them. This line of 
demarcation, although apparently fixed, is in reality very changeable, for 
during the geologic ageg which are past it has migrated back and forth 
aeroas the Coastal Plain, at one time occupying a position well over on the 
Piedmont Plateau, and at another far out to sea. At the present time 
there is reason to believe that the shore line is encroaching on the land 
by the slow subeidence of the latter, but a few generations of men is too 
short a period in which to measure this change. 

The subaerial division is itself separable in Maryland into the Eastern 
Shore and the Western Shore. These terms, although first introduced to 
designate the land masses on either side of Chesapeake Bay, are in reality 
expressive of a fundamental contrast in the topography of the Coastal 
Plain, This difference gives rise to an Eastern Shore and a Western 
Shore type of topography. Chesapeake Bay and Elk river separate the 
two. But fragments of the Eastern Shore type are found along the 
margin of the Western Shore at intervals as far south as Herring Bay, 
and again from Point Lookout northwestward along the margin of the 
Potomac river. On the other hand an outlier of the Wesf«m Shore type 
of topography is found at Grays Hill in Cecil county at the northern 
margin of the Eastern Shore. The Eastern Shore type of topography 
consists of a flat, low and almost featureless plain, while the Western 
Shore is a rolling upland, attaining four times the elevation of the 
former and resembling the topography of the Piedmont Plateau much 
more than that of the typical Eastern Shore. It will be seen later that 
these two topographic types, which at once strike the eye of the physiog- 
rapher as being distinctive features, are in reality not as simple as they 
first appear, but are built up of a complex system of terraces dissected by 
drainage lines. 

The Coastal Plain of Maryland, with which most of the State of Dela- 
ware is naturally included, is separated from that of New Jersey by the 
Delaware river and Delaware Bay, and from that of Virginia by the 
Potomac river, but these drainage ways afford no barriers to the Coastal 
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Plain iopographj, for the same types with their systems of terraces esist 
as well in New Jersey and Virginia as in Maryland. 

The Chesapeake Bay which runs the length of the Coastal Plain in 
Maryland drains both shores. From the Western Shore it receives a 
niunber of large tributaries among which may be mentioned the Susque- 
hanna, Bush, Gunpowder, Patapsco, Magothy, Severn, South, Patuxent, 
and Potomac riyers. On the Eastern Shore its principal tributaries con- 
sist of Bohemia Creek, Sassafras, Chester, Choptank, Nanticoke, Wicom- 
ico, and Pocomoke riTere. These streams, which are in the process of 
developing a dendritic type of drainage, have cut far deeper channels on 
the Western than cm the Eastern Shore. If attention is now turned to 
the character of the shore line, it will be seen that along Chesapeake Bay 
it ifl extremely broken and sinuous. A straight shore line is the exception 
and iu only one place, from Herring Bay southward to Drum Point, does 
it become a prominent feature. These two classes of shore correspond to 
two types of coast. Where the shore is sinuous and broken, it is found 
tiiat the coast is low or marshy, hut where the shore line is straight, as 
from Herring Bay southward to Drum Point, the coast is high and 
rugged as in the famous Calvert Cliffs which rise to a height of 100 feet 
or more above the Bay (Plate XXI, Fig. 1). The shore of the Atlantic 
ocean is composed of a long line of barrier beaches which have been 
thrown np by the waves and enclose behind tliem lagoons flushed by 
streams which drain the seaward slope of the Eastern Shore. Of these 
Chincoteague Bay is the most important 

It was stated in the early part of this chapter that the topography of 
the Coastal Plain was in reality more complex than at first appeared 
and that this complexity was due to a system of terraces out of which 
the r^on is constructed. The subaerial division of the Coastal Plain 
contains four distinct sets of terraces and part of another, while the 
submarine division is composed of one set only. This makes for the 
Coastal Plain as a whole a group of five sets of terraces. In describing 
these terraces the author will anticipate somewhat, material which will be 
discussed later in this monograph and will, for the sake of simplicity, 
designate these terraces, beginning with the highest, by the names of 
Lafayette, Sunderland, Wicomico, Talbot, and Recent. The first four 
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and part of th« fiftli fall withiu the Buboerial divisioD and the laat one 
principally within the aubmarine division of the Coastal Plain. All 
Jlve of the subaerial terraces are found on the Westeni Shore while only 
three of them occur on the Eastern Shore. These terraces wrap abont 
each other in concentric arrangement and are developed one above the 
other in order of their age, the oldest standing topographically highest. 
(Fig. 2.) 




Fio. 2. — Blagram showing Ideal arraDgement of the various terrace forma- 
tiona In the Marfland Coastal Plain. 

The Lafayette Teerace. — The highest of the five terraces is known 
as the liSfayette. It is best developed in Maryland in the region between 
the Anacostia, Potomac, and Patuxent rivers as far south as Charlotte 
Hall (Plate I). In other words, it caps the divide at the northern 
extension of the St. Mary's-Prince George's peninsula. The surface of 
this terrace varies considerably in appearance according to position. In 
the interior where it is removed from the influence of streams, it is as 
flat and featureless as any portion of the Eastern Shore (Plate IV, 
Fig. 2), but along the margins where it has been dissected by waterways, 
they have transformed it into a gently-rolling country and its true 
character is obscured. Besides this extensive development of the La- 
fayette terrace, there are remnants of the same surface distributed along 
the border of the Piedmont Plateau from the Potomac river northeast- 
ward through Delaware and Pennsylvania to within a few miles of the 
Delaware river. There are also a few outliers scattered about the Coastal 
Plain. Most of these are grouped about the southern margin of tie 
principal area in the vicinity of Charlotte Hall, a few more are found 
in Anne Arundel county, and a very important cluster occurs on the high 
hills of Elk Neck in Cecil county. Beyond the Potomac river this 
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Lafayette terrace continues on through Virginia southward to Florida 
and Texas and over into Mexico- It is believed that at one time these 
scattered remnants of the Lafayette terrace were united in a continuous 
whole and that their present isolated condition had been brought about 
by erosion. If we assume that they were once continuous, it will be a 
simple matter to establish the present attitude of this terrace, notwith- 
standing the fact that its surface has been somewhat modified by erosion. 
In the Piedmont region of Cecil county the surface of the Lafayette 
terrace lies at an altitude of 470 feet. This rises to about 500 feet in 
the vicinity of Lochraven and Catonsville near Baltimore, to 486 feet at 
Burtonsville, Montgomery county, and sinks again to 400 feet in the 
District of Columbia. Thus we see over a distance of about 80 miles 
that the surface of the Lafayette is extremely uniform. This direction 
is, however, from northeast to southwest and approximately parallel to 
the trend of the modem coaet line. If, now, the altitude of the Lafayette 
terrace is examined at right angles to this direction, namely, toward the 
southeast, it is found that on the high hills of Elk Neck, in Cecil county, 
the surface of the Lafayette terrace lies at about 300 feet, making a 
slope in Cecil county of 170 feet in a distance of about 10 miles. At 
Charlotte Hall, St. Mary's county, the surface lies at a height of about 
200 feet, making a slope between the District of Columbia and Charlotte 
Hall of 200 feet in a distance of about 36 miles. It will thus be seen 
that the surface of the lafayette terrace has a slight incline toward the 
southeast or, in other words, slopes gently toward the ocean.' 

* It will be explained later tbat this elope repreeenta the gradual descent ot 
a sub-aQueotis terrace away from the ataore-line out into deeper water. Tbe 
elevation at the foot of the scarp represents the altitude of the old sbore-llae 
which, oa account ol oscinatlonH In level, has been somewhat thrown out of a 
horizontal position since its formation, bo tbat It ilea at slightly different alti- 
tudes in various portions of the Coastal Plain. Tbe altitudes recorded away 
from the scarp-Ilne, show the elevations of the sub-aqueous terrace at varying 
distances from the ancient shore. These also have been slightly thrown out 
of their original position so tbat their former level attitude Is now somewhat 
obscured. In any one locality, however, tbe various terraces, from the oldest 
to the youngest, occupy distinct levels aud are usually separated by pro- 
nounced scarps, hut when distant localities are compared the shore-line of one 
bench may be tound to correspond in altitude at the present time with tbe 
deeper water phases of tbe next higher bench. Tbls discrepancy, as has Just 
been said, la due to tilting, and will be fully explained below. 
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Thb Sundbrland Teebace. — Beneath the Lafayette terrace, wrapping 
aroond it like a border, extending up into its body in reentrants, and 
aeparnted from it by a acarp-line is the next oldest terrace- designatfid 
above as the Sunderland terrace {Plate 1). This surface has its greatest 
development in Bouthem Maryland on the Calvert and St. Mary's penin- 
sulas. It covers the high divides of Calvert county and occupies a similar 
position in Charles and St. Mary's counties south of the Lafayette terrace. 
Beyond this region it is represented by outliers many of which are several 
square miles in extent. They are principally found in the District of 
Columbia and in the region between the Patuxent and Patapsco rivers. 
There are also a number of smaller outlying areas which are distributed 
along the western border of the Coastal Plain between Baltimore and 
Elktoo. South of the Potomac the Sunderland terrace continues on into 
Virginia, but as it has uot been mapped in regions beyond Fredericksburg, 
it is not known how far it extends in this direction. Northward, beyond 
Maryland, this terrace has been found in Delaware and Pennsylvania and 
is extensively developed in southern New Jersey. 

The same may be said of the surface of this terrace as was said in 
reference to that of the Lafayette, viz., that, in the interior where it has 
not been modified by erosion, it still retains its original plain, featureless 
character, bat along the borders where it has been attacked by the head 
waters of streams, it has been transformed into a rolling country (Plate 
IV, Fig. 1, and Plate X). The relation between the surfaces of the 
Sunderland and Lafayette terraces becomes manifest whenever the two 
occur in juxtaposition. Then it is seen that they occupy different levels, 
that of the Lafayette always being higher than that of the Sunderland. 
This difference in altitude is sometimes slight, at other times it fonns 
a prominent feature in the topography. Usually the descent from one to 
the other is gentle, but occasionally it is accomplished by means of an 
abrupt drop resembling in appearance a sea-cliff which has been modified 
by subaerial erosion. 

Throughout the region as a whole there are distinguishable two types 
of descent between the Lafayette and Sunderland terraces. The one type 
is confined to the Piedmont Plateau, the other to the Coastal Plain, or, 
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in other worda, when the Lafayette terrace lieB on the Piedmont Plateau 
and the Sunderland terrace rests beneath it either on the Piedmont or 
close to its eastern border, the descent fiom one surface to the other is 
nBoally considerable and is accomplished by a topography of low, subdued, 
rolling hills which pass down from the Lafayette terrace, occupying 
succeeeively lower and lower areas until they finally blend with the surface 
of the Sunderland terrace beneath. This type of descent may be seen 
along the eaatern border of the Piedmont Plateau between Cecil county 
and the District of Columbia (Fig. 3). The other type of descent is 
found wherever the Lafayette and Sunderland terraces approach each 
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Fio. 3. — Diagram Bbovlng Piedmont type of LaTayotte-Sunderland scarp. 

other in the Coastal Plain. It may be described, as suggested above, as 
being an abrupt descent resemhliag a wave-cut cliS which has since been 
modified to a greater or less extent by subaerial erosion (Fig. 4). The 
best localities for observing this type are to be foimd at Congress Heights 
just south of the Anacostia river in the District of Columbia, near Bryan- 
town and Aquasco in Charles county, and at Charlotte Hall in St. Mary's 
county (Plate V). Two only of these localities need be described. At 
Congress Heights the surface of the Lafayette terrace lies at an elevation 
of about 260 feet and that of the Sunderland at about 200. The descent 
between the two is accomplished by a cliff which is one of the most con- 
spicuous features of the region and, in fact, of the entire Coastal Plain. 
There, as one stands on the unbroken Sunderland surface facing east, he 



dbyGoogle 



70 THB PLIOCENE AND FLEISTOGKKB DEFOSIIB OF UARTLAND 

may trace the cliff line Beparating him from the Lafayette terrace as it 
rises and runs off to the south until it is hidden from view by forest 
growth. At Charlotte Hall and along the road ronning from Newmarket 
west over into Charles county, the surfaces of the Lafayette and Sunder- 
land terraces approach very much nearer together. At this place the 
Lafayette surface lies at an elevation of about 300 feet while the Sunder- 
land rests about 20 feet below it at 180 feet. The descent from one to 
the other is here marked by a low cliS which does not exceed 20 feet In 
altitude, but while this topographic feature is less prominent than that 
at Congress Heights, it nevertheless partakes of the same character. Near 
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Fio. 4. — Diagram Bbowlng Coastal Plain type of Lafayette-Sunderland scarp. 

Charlotte Hall there are a number of outliers of the Lafayette terrace 
which are separated from the Sunderland terrace beneath by scarps of a 
similar character to the one just described, although one or two of them 
blend with the surface beneath without a well pronounced scarp-line. 
It seems probable that the Sunderland surface was at one time con- 
tinuous and embraced all of its outliers. If such was the case, it will be 
possible to establish the present attitude of the terrace. In the vicinity of 
Elkton and on Elk Neck, the surface of the Sunderland terrace lies at 
an elevation of about 180 feet where it abuts against higher land and 
slopes down toward the surrounding waters to about 90 feet. In the 
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yicinity of Baltimore the Btirface slopes from about 300 or 220 feet to 
about 90 feet. In the District of Columbia the surface of the Bunder- 
land terrace also lies at about 200 or 220 feet and slopes gently toward 
the surrounding waters until it sinks to about 100 feet. In the vicinitj' 
of Charlotte Hall about 30 miles distant the surface of the Sunderland 
terrace, where it embraces the Iiafayette, lies at an altitude of about 180 
feet and slopes gently down to the southern point of St. Mary's county 
where near Hidge, it occupies a position of about 60 feet. In Calvert 
county the surface of the Sunderland terrace lies at an altitude of 160 
feet and slopes toward the surrounding waters until it sinks to an altitude 
of about 96 feet. When these figures are compared, it will be seen that 
the Sunderland terrace slopes away very gradually toward the water in all 
directions from the enclosed areas of higher land. Along the margin 
of the Piedmont Plateau, that is to say, in a direction nearly parallel to 
the present shore, the difference in elevation of this surface is inconsider- 
able and in this respect resembles the attitude of the Lafayette terrace 
throughout the same area. But in all directions away from the Piedmont 
Plateau and from the base of the Lafayette terrace, the Sunderland 
surface slopes away gradually and regularly toward either the Atlantic 
ocean, or the Chesapeake Bay and its estuaries. As the Sunderland 
terrace is practically unrepresented on the Eastem Shore, no observations 
are to be secured in that region. 

The Wicwmico Tbbraoe. — Beneath the Sunderland terrace occurs the 
Wicomico terrace (Plate I). It bears the same relation to the Sunder- 
land as the Sunderland does to the Lafayette terrace in that it wraps 
about it as a border, extends up into ancient stream valleya which enter 
it, and is separated from it by a well defined line of low cliffs which, with 
the exception of the ecarp-line cut by the present sea, constitute the most 
continuous topographic feature ,of the entire Maryland Coastal Plain. 
The distribution of the Wicomico terrace is somewhat different from 
that of the Sunderland and Lafayette terraces. It will be remembered 
that the Lafayette and Sunderland terraces found their greatest dev^op- 
ment on the divides of the peninsulas of southern Maryland. The 
Wicomico terrace, on the contrary, is best developed on the Eastern Shore, 
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In that r«gion it forms the flat featureless eurfatie of the divide, ezt^tding 
from ElktoD southward to Saliebiuy and beyond, and from Chesapeake 
Bay on the west, well over into Delaware toward the Atlantic ocean on the 
east. From its surface, streams drain into both the Chesapeake Bay and 
■the Atlantic. Outliers of this terrace are also found in great abundance 
along the Western Shore from Elkton down to Point Lookont. The 
greatest development on this side of the Bay is found in the region south 
of Baltimore between the Patapsco and South rivers. Beyond this terri- 
tory, in the basins of the Patuxent and Potomac, the Wicomico terrace 
is developed in a manner strikingly different from that of the Eastern 
Shore. On the Eastern Shore, as was indicated above, it occupies a 
wide and almost unbroken territory. On the Western Shore it ia 
developed as a narrow fringe around the base of the Sunderland terrace 
and as a floor of the ancient drainage valleys which penetrate the body 
of the Sunderland terrace as reentrants. It was stated above that Uie 
scarp-line which separated the surface of the Sunderland from that of the 
Wicomico was one of the most persistent features in the Maryland 
Coastal Plain. This scarp-line has exactly the appearance of a wave-cut 
cliff which has been softened by subaerial erosion and resembles in every 
detail the similar topographic feature which was described as separating 
the Lafayette and Sunderland surfaces (Plate VIII and Plate IX, 
Fig. 1). There are a large number of localities where this topographic 
feature may be seen, particularly throughout Calvert and SL Mary's 
counties. Perhaps four of the best and most accessible localities ai« 
located at Bidge in southern St. Mary's county not far from Point 
Lookout ; at the turn of the road a mile and a half aouth of Frazier near 
the 80-foot contour in Calvert county; in the region to the north of 
Maryland Point in Charles county; and along the Principio road 1} 
miles norOieast of PenyviUe, Cecil county. Where the Wicomico terrace 
approaches drainage ways, it loses its typical plain character and is 
modified by eroaioQ into a rolling country, but back in the interior where 
streams have not yet encroached, the surface is typically a plain. In 
this particular it again resembles the Lafayette and Sunderland terraces. 
On the whole it has suffered less from erosion than those which lie above 
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it. If we reconstruct the Wicomico terrace by uniting its outliere, we 
find that the surface of the Wicomico terrace stands at aji elevation of 
90 feet in Cecil county where it abuts against the Sunderland terrace, 
and slopes toward the eurrounding water to an elevation of 60 feet. In 
the vicinity of Baltimore and Washington and in the peninsula of Calvert 
county, between the Patiuent river and Chesapeake Bay the same 
general relation holds; but in St. Mary's county, between the Patuxent 
and Potomac rivers, the altitu(le of the Wicomico terrace, where it abuts 
against the Sunderland, gradually sinks until at Bidge the surface of the 
Wicomico terrace stands at 45 feet and slopes away gradually to Point 
Lookout until it ends at an elevation of about 15 feet. On the Eastern 
Shore the surface of the Wicomico terrace stands at an elevation of about 
90 or 100 feet in the vicinity of Elkton, and at about 45 feet in its 
extreme southern development a few miles south of Salisbury. It will 
thus be seen that the surface of the Wicomico terrace maintains a 
remarkable uniformity throughout its entire extent along the border of 
the Piedmont Plateau but slopes gently toward the surrounding waters. 

The Talbot Terrace. — Beneath the Wicomico terrace occurs the 
Talbot terrace. This is the lowest of the subaerial terraces (Plate I). 
Like the other members of the series, it wraps about them like a border, 
penetrates them as reentrants and is separated from those above it by a 
scarp-line (Plate XII). This scarp-line, although usually lower and 
less conspicious than that separating the Sunderland and Wicomico 
terraces, is easily discerned and is very continuous throughout the region. 
It may be typically seen at s large number of localities, among which the 
following may be mentioned. Along the borders of Elk river in Cecil 
county; on the road between Chestertown and Bock Hall in Kent coun^; 
in the vicinity of Brooklyn and Annapolis in Anne Arundel county; 
along the lower reaches of the Patuzent river in Calvert and St Mary's 
counties, and about the flanks of Capitol HiU. in Washington City (Plate 
XIII). 

This scarp has an average height of about 10 feet although it at times 
disappears altogether and at other times may rise to 30 or 30 feet in 
altitude. The distribution of the Talbot terrace is similar to that of the 
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Wicomico in that it finda its greatest development oq the Eastern Shore, 
although large areas are present along the western margin of Chesapeake 
Bay from Elkton southward to Point Lookout and in the valleys of all the 
estuaries. It has suffered less from erosion tiiau any of the other terraces 
and maintains everywhere its original surface almost unmodified by the 
present drainage. The altitude of the Talbot terrace, where it abuts 
against higher land lies very constantly at an elevation of about 40 or 45 
feet, except in southern St. Mary's counly where it gradually declines 
southeastward to about 10 feet near Point Lookout. From its landward 
margin the Talbot terrace slopes away toward the surrounding waters 
where it eiiiier terminates in a wave-cut cliff (Plate XIV, and Plate XIX, 
Pig. 1) or else passes down to tide level and merges with the modem 
beach (Plate XV, Pig. 1). 

The Recent Tebbace. — Below the Talbot terrace is situated the 
Hecent terrace. This is principally confined to the submarine division of 
the Coastal Plain and is co-extensive with it. It everywhere wraps 
around the subaerial division as a border and also extends up the river 
valleys as a terrace formed by recent streams. Within the Bay and its 
estuaries it is identical with the wave-cut and wave-built terrace, while 
along the Atlantic shore it forms the modem beach and extends out under 
the ocean as the surface of the continental shelf. Thus it appears that 
the Becent terrace is principally submarine. What is known regarding 
the contour of its surface has been determined by sounding. In this 
way it has been shown that the surface of this terrace is a plain, eloping 
gently from tide to a depth of 600 feet at a distance of about 100 miles 
off shore. The Becent terrace is usually separated from the Talbot 
terrace by a well-defined scarp, although at times the surfaces blead 
without any marked interruption. (Plate XIX, Fig. 3, and Plate XXII, 
Fig. 1). 

Up to this point in the discussion the various terraces have been 
described as wrapping around each other in concentric borders. This 
arrangement, although the typical one, is not always present, for fre- 
quently one or more terraces may be wanting in places where they would 
normally be expected to be present. At such times the descent from the 
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surface of the highest to that of the lowest terrace present, amouDts to the 
vertical distance which would normally be expected to exist between 
them (Fig. 5). The best example of this is to be seen along the Bay 
shore between Chesapeake Beach southward to Drum Point. Through- 
out most of this distance the surface of the Sunderland terrace, lying at 
about 100 feet above tide, is separated from that of tiie Becent terrace 
at sea lerel by a cliff 100 feet in height. The Wicomico and Talbot 
terraces and their accompanying scarps are here absent and the descent 
from the Sunderland to the Becent terrace is accomplished by a precipice 
which makes the famous Calvert Cliils (Plate VIII, Pig. 1, and Plato 
XXI). 
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Pio. S.-rDlagram showing Lafarette-Talbot scarp with the Sunderland and 
Wicomico terraces absent 

Occasionally the surface of the Talbot and Wicomico terraces is modi- 
fied by the presence of subordinate terraces separated by tow scarp-lines. 
These secondary terraces are irregularly developed and, as a rule, are not 
extensive. They occur principally in the valleys of the important estu- 
aries and along the banks of those tributaries which drain the surrounding 
upland. The most important of these minor scarps is developed on the 
Talbot terrace, facing the Atlantic ocean, and extends from near Berlin 
Bouthwestward to the vicinity of Newark. It rises from 25 to about 35 
feet and is a noticeable physiographic feature throughout the region where 
it is developed. (Plate XXII, Fig. 2). 
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STBEAJH VAUJtTB. 

Within the Coastal Plain of Maryland there are discernible four 
generations of Btream valleys. Three of these no longer contain the 
streams which cut them. They have heen referred to in the discussion 
as reentrants penetrating the various terraces. The first is found de- 
veloped aa a flat-bottomed drainage way of greater or less width and 
extent, running up into the Lafayette terrace. Its level bottom is an 
integral part of the Sunderland terrace. The second one of these drain- 
age ways penetrates the Sunderland terrace in a similar way. Its 
characteristics are analogous to those entering the Lafayette terrace and 
its flat bottom forms an int^ral part of the Wicomico terrace. The 
third of these drainage ways cuts a reentrant within the body of the 
Wicomico terrace and its level floor forms an integral port of the Talbot 
terrace. The fourth and last of these drainage ways ia now in the 
process of formation. It is the system of valleys which are being cut 
by the recent streams. Toward their headwaters these valleys are narrow 
and Y-shaped, and if traced to their sources, are often found to start 
from intermittent eprings surrounded by a steep-walled amphitheatre 
from 5 to 10 feet in height {Plate IX aid Plate X, Pig. 2). Toward 
their lower couisee these valleys are broad and flat and are frequently 
filled with fresh or brackish-water marshes (Plate XX). In the upper 
portions of their courses the valleys are being eroded. In the lower 
portions they ore being filled. A glance at the map (Plate I) will serve 
to confirm the opinion which has been held for a long time, namely, that 
the rivers of the Coastal Plain of Maryland have been drowned along 
their lower courses, or, in other words, have been transformed into 
estuaries by the subsidence of the region. The filling of these valleys has 
taken place toward the heads of these estuaries (Plate XIX, Pig. 1). 
The headwaters of these Recent valleys are being extended inland toward 
the divide with great rapidity. 

Many of the tributary streams occupy the reentrant valleys described 
above. The more energetic have succeeded in carrying out all of the 
ancient floor which formerly covered these valleys and formed a portion 
of the various terraces. Others have left mere remnants of these valley 
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FlC. I. — VIEW SHOWING SUNDEBLAND-WICOMICO SCA 

GROU'ND, HUNTING CREEK VALLBV, CALVERT COTJUTV. 



Fig. 2, — VIEW showing sunderland-wicomico scarp, wicomico surface 

GROUND, NEAB LEONARDTOWN, ST. MARY'S COUNTY. 
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accomnlatiooB along the margins while the leas active atreame have left 
the reentrant valleys practically unmodified. In BOuthera Maryland the 
streams which drain into Chesapeake Bay from the eastern slope of 
Calvert county, as well as those which drain into the Patuxent river from 
St. Mary's and Prince George's counties, have shorter courses than, those 
which drain into the Fatuzent from Calvert county or into the Potomac 
from Prince George's, Charles, and St, Mary's counties. A similar con- 
trast is obvious between the streams which oiter the Atlantic ocean from 
the Eastern Shore and those which enter Chesapeake Bay from the 
same region. 

The cause of this shortening of streams on the northeast side of these 
divides is probably due in part to a tilting toward the southeast which is 
discussed later in this monograph, but also in a great measure, par- 
ticularly along the Bay shore, to rapid wave erosion. The streams 
draining the eastern slope of Calvert county and the northeastern slope 
of St. Mary's and Prince George's counties were at one time longer, but 
the recession of the shore line has shortened their courses by the cutting 
away of their lower vaDeys. This is extremely well seen along the 
Calvert Cliffs where the waves have advanced so rapidly on the land that 
the former heads of stream valleys are now left as unoccupied depres- 
sions along the upper edge of the cliffs, while other streams cascade from 
the top of the precipice to the shore beneath, and etill others more active 
have been able to sink their valleys to the water's edge by a very sharp 
decline (Plate XXI, Pig. 1). Other investigations have suggested 
that rotation may have had some influence in bringing the streams 
mentioned above into their present position, and although the streams 
are short, it is probable that they have been somewhat affected by this 
influence. 

DeSCBIFTION of FOBHA.TIONS. 

The surflcial deposits of the Atlantic slope consist of clay, loam, peat, 
sand, gravel, and ice-borne boulders. South of Prederieksburg, Virginia, 
they have not been mapped in detail, but from the Potomac valley north- 
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ward acrosB Maryland, the District of Columbia, Delaware, FetmBylvania, 
and New Jersey to Raritan Bay, they are divisible into four formations, 
corresponding with the terraces previously described, which have been 
called, beginning with the oldest, the Lafayette, Sunderland, Wicomico, 
and Talbot. If the deposits now forming beneath the surface and along 
the shores of Chesapeake and Delaware Bays and the Atlantic Ocean 
are taken into consideration, they will form a fifth formation which is 
known as the Kecent. The formations are developed one above the other 
in distinct terraces as earlier described, the oldest lying topographically 
highest and the others respectively lower in order of their age. These 
terrace-formations will now be discussed, beginning with the oldest, 

THE PLIOCENE PEHIOD. 

The only formation which has been referred to this period within the 
State of Maryland is the Lafayette. Its age has long been in doubt and 
there is not yet sufficient data to correlate it definitely with any period. All 
that can be said is that it is younger than the Miocene which it covers 
and older than the oldest Pleistocene beds found in the same vicinity. 
Within this region no fossils have been found and elsewhere the fossil 
plants and animals alleged to have been discovered within the Lafayette 
are not of a character sufficiently definite to determine its age. It is, 
however, certain that, after the deposition of the Miocene beds, there was 
a long interval of erosion before deposition of the Lafayette beds began. 
Likewise, at the close of Lafayette deposition, another long period of 
erosion occurred before the Columbia deposits which are of Pleistocene 
age were laid down. The Lafayette formation thus occupies a strati- 
graphic position between the youngest known Miocene and the oldest 
known Pleistocene in the vicinity and is separated from each by a long 
period during which erosion was in progress. These facts, together with 
the absence of any undoubted Pliocene deposits in this region, have led to 
the reference of the Lafayette formation to the latter period. This is, 
however, only a provisional correlation and more positive, evidence is 
needed before the question can be regarded as settled. 
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The Lafayette Formation.'' 



The Lafayette formation was first named in MJBsissippi by Hilgard in 
1885, This name was suggested by Lafayette county in which the de- 
posits were found well developed. Later, in 1838, Lewis applied the 
term Bryn Mawr gravels to a portion of the same formation developed in 
the hills overlooking Philadelphia, and, in 1891, McGee gave the name 
Appomattox to that portion of the same deposit which was developed in 
the Middle Atlantic slope. It was later considered by McGee that his 
Appomattox was equivalent to Lafayette, and thai name has come to be 
uniTersaJly accepted as applicable to the entire formation. 

Areal D18TKIBUTION, — The Lafayette is one of the most widely de- 
veloped formations of the Coastal Plain, extending from Pennsylvania to 
Florida and thence westward along the shores of the Gulf of Mexico 
( Plate II ) . Within Maryland it crosses the State from northeast to south- 
west and is confined to the eastern margin of the Piedmont Plateau and 
the western border of the Coastal Plain (Plate I). Throughout this 
area it is believed to have once extended as a continuous bed and it doubt- 
less, when iirst deposited, spread westward over a considerable surface of 
the Piedmont Plateau and eastward over the Coastal Plain; but at the 
present time it has suffered so from erosion that in Maryland it has been 
reduced to a mere fragment of its former extent. The largest area is 
located on the Coastal Plain southeast of Washington where it forms 
the divide between the Patuxent and Potomac rivers as far south as 
Charlotte Hall. This area has been much dissected by stream erosion 
and around its borders there are many outliers which have been separated 
from the larger mass by the removal of the material which once connected 

' When it Ib remembered tha.t the Lafayette formation was first named In 
nortbera Mlsalaslppl before the other Burflclal deposits were recognized, and 
traced northward along the Atlantic slope to FrederlekaburB, Va., by McOee, 
who was not supplied with adequate maps, then over Into Maryland by Darton, _ 
who failed to differentiate It from the Sunderland formation, but mapped the 
two as one, may It not be possible that future Investigations will show, when 
the Maryland horizons are ultimately traced southward, to MlselBaippI, on 
large scale topographic maps, that the formation which Is now referred to the 
Lafayette In the northern extension of the Coastal Plain may prove to be 
very different from the one Hilgard named Lafayette In the Quit Slope? 
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them. Jmt across the Patnzent river at Marriott Hill, and oo the highest 
hills of Elk Neck at the head of the Bay, there an other scattered patches 
of Lafayette gravels which also rest on Coastal Plain deposits. Along the 
eastern slope of the Piedmont Plateau from Virginia across Maryland, 
Delaware, and PennsylTania, there is a long line of outliers which rest 
either oa beds of Potomac or directly on the crystallized rocks of the 
Piedmont. The most important of these are located in the western part 
of the District of Columbia, near BurtonviUe, at Catonaville, near Loch- 
raven, near Stockton, and on the Piedmont area of Cecil county near 
Woodlawn. There are also other smaller patchea scattered throughout 
the area. Ko deposits referable to the Lafayette formation have been 
recognized on the Eastern Shore south of Elk river. It will be seen by 
referring to the geological map (Plate I), on which the various surfi- 
cial formations are represented, that the ilistributioD of the Lafayette is 
very nearly parallel to the Western Shore of Chesapeake Bay. In west- 
em Maryland five miles north of Frederick, there is a deposit of loose 
gravel which cannot be correlated with any other deposit in that part of 
the State. It occurs at an elevation of about 500 feet and probably, as 
Keitli has suggested, should be referred to the Lafayette. 

Stuuctuke and Thickness. — The fragmentary character of the La- 
fayette formation makes it a little difhcult to arrive at a satisfactory 
conclusion r^arding ita structure. On the Piedmont Plateau it wns 
deposited on an uneven surface, and erosion has now reduced the 
formation to isolated areas. If the various elevations at which these 
outliers rest are compared in an endeavor to determine the dip, there is 
danger of drawing an erroneous conclusion, for an area where tiie 
Lafayette rested on an ancient prominence may he compared with one 
where it was deposited in a hollow. Over the Coastal Plain the basal 
portions of the formation are not visible throughout They can be 
. traced in the vicinity of Washington, but as the formation passes south- 
ward toward Charlotte Hall, the succeeding Sunderland terrace laps up 
about the lower portions of the Lafayette formation and conceal its 
contact with the older formations. As the Lafayette formation is thin 
and varies in thickness within narrow limits, a nearer approximation to 
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FiC. I.— VIEW SHOWING SUBAERIAL EROSION ON SUNDFKLANl)- WICOMICO SCARP, NEAR 
LEONARDTOWN, ST. UARY's COUNTY. 
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its attitude can be secured by comparing the various elevations of its 
Burface rather than those of its base. Yet it must be tjiken into account 
that the areas back on the Piedmont Plateau are not as thick as they were 
originally, but have lost perhaps five or ten feet of surface loam through 
processes of subaerial erosion. The central portions of the divide in 
Bonthem Maryland, however, seems to have lost little or nothing through 
this process. By comparing surface altitudes in various places (Plate 
XXIII), it has been found that the Lafayette formation was developed 
as a plain which showed practically no change in elevation from north- 
east to southwest along the Piedmont bUEtler, but had a very gentle 
decline in a southeasterly direction across the Coastal Plain toward the 
Atlantic ocean. Between the outliers at Woodlawn and those near Elk 
Neck, the slope is greater than elsewhere within the Coastal Plain. The 
distance between these two areas is ten miles and the total diHerence in 
surface elevation is 170 feet The average slope tiien amounts to 17 feet 
per mile. It must be remembered, however, in comparing this with other 
observations that the distance separating the two localities is not great 
and the slope consequently averages more to the mile than if the same 
difference in elevation was separated by a greater distance. This is well 
shown in the southern part of the area where a difference in elevation 
of 200 feet occurs between the surface of the Lafayette in the District 
of Columbia and at Charlotte Hall. These two localities are separated 
by a distance of 36 miles, which gives to the formation a slope of 5.5 feet 
per mite. This slope should be considered as more nearly normal for the 
formation than that at the head of the Bay in Cecil county. 

It will be noticed that the structure has been referred to as slope 
rather than dip. There are, in fact, two elements to be considered in 
discussing the structure of this formation; for it must be remembered 
that the Lafayette is a deposit which has not been covered by another, but 
has been raised nearly parallel to its former position from beneath the 
sea. One of these elements is the original slope which the formation 
possessed as it was deposited on the ocean bottom and gently declined 
from the shore out towards deeper water. This appears to be the 
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dominaiit element ia the Htructure. Combined with It is a alight tilting 
as the result of the various complicated movements which the Coastal 
Plain has undei'gone since its deposition. There is not enough data 
to accurately separate these two elements, but it is believed that the tilt- 
ing is usually of Ices importance than the initial slope in determining the 
present attitude of the formation. As these elementB have entered into 
the structure of all the other surficial formations, from the Sunderland to 
the Talbot, this discussion will not be repeated in describing them. At 
the head of the Bay the slope of 17 feet per mile has in all probability 
a larger element of tilting than of initial slope, for the underlying 
Pofomac beds indicate in their structure that the region has been 
relatively elevate<l toward the west, or depressed toward the eaat. The 
age of the Potomac beds in this locality is very much greater than that 
of the Lafayette and this deformation may have been partly imposed on 
the region before the Lafayette was deposited or it may not. The most 
that can be said here ia that the beds slope toward the southeast at the 
rate of 17 feet per mile. 

The thickness of the Lafayette formation is not great. On Black hill 
near Elk Neck, Cecil county, it amounts to a little more than 100 feet- 
In other localities the basal portions are not visiljle and the thickness 
cannot be determined, while in still other places the formation thins 
down to nothing and disappears. Taken as a whole, the average thick- 
ness probably does not reach 50 feet. 

Character op Materials. — The materials composing the Lafayette 
formation consist of clay, loam, sand, gravel, and iron ore which is present 
in the deposit as a cement, binding the loose materials together in ledges 
of local development. It does not, so far as is known, occur in quantities 
sufficiently extensive for mining (Plate III, Fig. 3). 

These materials were imperfectly sorted by the waves of the Lafayette 
sea, so that they are now found intermingled in varying proportions. 
Although there is a rough bipartite division in the deposits as a whole, 
whereby the gravel occurs in greater abundance at the base and the sand 
and loam at the top of the formation, yet these elements are mixed 
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together in a confusing manner. No one of them is confined to any 
definite stratum, but may occur anywhere throughout the section. Irreg- 
ular beds or lenses of loam, sand, or. gravel are locally developed through- 
out the formation. Taken as a whole, the gravel is considerably decayed 
and rather fine grained, but in the vicinity of the Piedmont Plateau it be- 
comes very coarse and is imbedded in a compact sand or stiff reddish clay- 
loam. Southeast of Washington, at a moderate distance from the Pied- 
mont border, the red or orange-colored gravel aad clay gradually gives 
place to a buff or mottled clay-loam in which only small quantities of 
fine grained gravel are present. Usually the Lafayette is capped by a 
deposit of loam varying from a few inches to 10 feet or more, and with an 
average thickness of about 5 feet. At times it is highly argillaceous, 
at other times decidedly arenaceous, but as a general rule, it is of very fine 
texture, ■ Along the Piedmont border this loam contains considerable 
iron and has a decided orange color, but in southern Maryland changes 
to a buff or yellow. In color and also in texture it in many places 
suggests the loess of the upper Mississippi valley. On the broad 
Lafayette plain the loam shows a very pronounced mottling of drab aud 
brick red. This is espcially noticeable when the material ia wet. It is 
seen in numerous road cuts, especially to the west of Braodywine. The 
heterogeneous character of these materials furnishes evidence of the 
varied source from which the gravels have been obtained. Quartz and 
other crystalline pebbles indicates the Piedmont as the source from which 
they were derived; sands and broken iron crusts give evidence of the 
Potomac ; fossil-bearing pebbles prove their derivation to have been from 
the Paleozoic formation to the westward ; and finally, decayed blocks of 
Newark sandstone are occasionally met with. In southern Maryland 
much of the material has been derived from the Miocene beds. 

The Lafayette and subsequent formations changed the proportion of 
their constituents so rapidly from place to place that sections could be 
multiplied indefinitely, each one showing something a little different 
from all the others. It is, therefore, considered unnecessary to give 
more than one type section for each formation. 
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Section of Latatette Fobuation One and Ohb-haut Miles Sodtseabt or 

PlBCATAWAT. 

Fine grarlBb-yellow loam G feet. 

Medium coarse gravel In a matrix of grAj sand 4 " 

Yellow croBs-bedded sand 3 " 

Unaasorted grarel mixed with gray sand 5 " 

Total 17 " 

Steatioeafhic Relations. — The Lafayette foTmation is developed an 
a terrace lying irregularly and unconformably on whatever older forma- 
tion chances to be beneath it. These range from the pre-Cambrian and 
Paleozoic crystalline and metamorphic rocks of the Piedmont Plateau 
up into the later membere of the Miocene beds. About five miles north 
of Frederick in western Maryland there is a small area of gravel resting 
unconformably on the Newark at an elevation of 500 feet. This deposit 
in some respects suggests Lafayette although its age is not and perhaps 
never will be definitely determined. As a whole, the Lafayette forms the 
surface cover over the region where it is developed, its surface correspond- 
ing to the surface of the country. In southern Maryland, however, 
where the Sunderland formation laps up around its base, it is believed 
to run out for some little distance under the Sunderland. In that case, 
it would be overlaid uncomformably along its margin by the latter 
formation. As a whole, the Lafayette formation is developed as a terrace 
and, although the oldest of the surficial deposits, lies topographically 
highest and at the center of a concentric border of younger terrace 
formations which wrap about it. 

THE PLEISTOCENE PEBIOD. 

To this period have been referred the Sunderland, Wicomico, and 
Talbot formations. There are several lines of evidence which indicate 
Qiat these formations are Pleistocene. In the first place, they are 
separated from the Lafayette by a pronounced uncomformi^ which 
represents a period of uplift and erosion. Again, they are separated 
from the Kecent shore deposits and subaqueous platform by au uncon- 
formity which also represents a period of uplift and erosion, although 
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this latter may have occurred in the period regarded as Recent in other 
regions. The materials which enter into the formations carry a large 
proportion of ice-borne bOulders which could not have been brought in 
during Pliocene time and are too large to be transported by the moderate 
development of river-ice now carried out by our streams. These boulders 
indicate thicker ice and a much colder period than at present. The fossil 
remains which have been discovered throughout the sutficial formations 
all point to the Pleistocene age of these deposits, but until these various 
formations have been traced carefully through New Jersey and their 
relation to the terminal moraine and other glacial deposits determined, 
it will not be possible to fii the age of the Sunderland, Wicomico, and 
TaJbot more definitely than to say that they are Pleistocene. 

As long ago as 1888, McGee, who was the first to grasp the problem 
of these surficial deposits, designated a certain portion of them as 
Columbia and separated them into fluvial and inter-fluvial phases. 
Later Darton extended the work of McOee and divided these sand deposits 
into Earlier and Later Columbia. The author has carried the work of 
Darton still further and has separated the Columbia formation of 
McGee into the Sunderland, Wicomico, and Talbot formations. It, 
therefore, seems appropriate to preserve the name which McGee first 
proposed for iiiese deposits and to unite them under tie broader term 
Columbia Group. The distribution of the Columbia formations extends 
from Long Island southward to Mexico and up the Mississippi embayment 
to the mouth of the Ohio river. This has been represented, together 
with the distribution of the Lafayette, on Plate II. These formations 
will now be discussed in the order mentioned above. 

The Sunderland Formation. 
The name Sunderland suggested by a little hamlet in Calvert county, 
where the formation is well developed, was first proposed by the author 
in May, 1901, It is equivalent to Barton's Earlier Columbia as described 
and mapped by him in the Washington folio, II. S. Geological Survey, 
1901. To the north in New Jersey, no formation has been described to 
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which the Sunderland is equivalent, but parts of Salisbury's Cape Maj, 
Fensauken, and Bridgeton find a place within it. 

Areal Distkibotion. — The Sunderland formation extends from 
South Amboy across southern New Jersey, Pennsylvania, Delaware, and 
Maryland into Virginia and is doubtleea continued throughout the South' 
Atlantic and Gulf States. In Maryland it is developed almost exclusively 
on the Western Shore and lies in an intermediate position between tlie 
Lafayette and the Wicomico (Plate I). 

It was developed as a continuous deposit over the margin of the West- 
em Shore and the entire Eastern Shore, but erosion has now removed it 
from the latter and its distribution in the former region resembles in 
many respects that of the Lafayette. It finds its greatest development in 
southern Maryland where it forms the divide of Calvert county and of 
Charles and St. Mary's counties west and south of the Lafayette 
area. It also veneers the floor of ancient valleys in the Lafayette 
formation. North of this region it is developed, like the Lafayette, as 
outliers. A few of these are found within the body of the Coastal Plain 
region while many others occur either on the Piedmont Plateau or on the 
margin between it and the Coaatal Plain. At the head of the Bay on 
Elk Neck, it is developed as a fringe about and a little lower than the 
Lafayette, while just east of Elkton about the margin of Grays Hill, there 
is a small outlier, the only certain representative of the formation on the 
Eastern Shore, 

STBCCTimB AND THICKNESS. — What was said in regard to the structure 
of the Lafayette is equally true of that of the Sunderland. Its basal 
portions are frequently obscured and it was at times deposited on an 
irregular surface so that a better idea of the formation as a whale may be 
secured by studying its surface elevations than by making a comparison 
of isolated basal exposures. 

Along the eastern border of the Piedmont Plateau and the western 
margin of the Coastal Plain, the Sunderland formation is distributed in 
outliers in much the same manner as the Lafayette but at a lower level. 
Some of the most important of these are located at Elk Neck, near Perry- 
ville, at Upper Falls, at Shipley, and in the District of Columbia (Plate 
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XXIV). In Bouthem Maryland the Sunderland formation attaJnB itB 
great«8t development and here wraps about the margin of the Lafayette 
formation and extends up into ancient valleys which penetrate it ae 
reentrants. When the various elevations of these areas are compared, it 
will be found that the formation has practically no slope along the border 
of the Piedmont between Perryville and Washington, but from Washing- 
ton southward to Charlotte Hall there is a difEerence 'in altitude of 40 
feet throughout a distance of 33 miles, maldDg an average slope of 1.2 feet 
per mile. Between Charlotte Halt and Ilidge there is a difference in alti- 
tude of ISO feet in a distance of 34 miles, or an average elope of 3.5 feet 
per mile. It will thus be seen that the Sunderland formation has a 
gentle decline toward the southeast. This structure is in part due to 
initial slope and in part to tilting. 

The thickness of the Sunderland formation is as variable as that of 
the Lafayette. Xear Elkton, Cecil county, it attains a thickness of 60 to 
80 feet, but in other places thins down and disappears entirely. Taken 
as a whole, the average thickness of the Sunderland is about 3b feet. 

Character op Materials. — ^The materials which compose the Sunder- 
land formation consist of clay, peat, sand, grave!, and ice-borne blocks 
(Plate VI, and Plate VII, Fig. 2). As explained above, these as a rule 
do not lie in well-defined beds, but grade into each other both vertically 
and horizontally. The coarser materials, with the exception of the ice- 
bome boulders, are usually found with a cross-bedded structure, while 
the clays and finer materials are either developed in lenses or are hori- 
zontally stratified. The erratic ice-borne blocks are scattered throughout 
the formation and may occur in the gravel beneath or in the loam above. 
There is distinguishable throughout the formation a tendency for the 
coarser materiitlB to occupy the lower portions and the finer the upper 
portions of the formation, but the transition from one to the other is not 
marked by an abrupt change; and coarser materials are frequently found 
above in the loam and finer materials below in the gravel. As a whole, 
the material is coarser in the Potomac and Susquehanna basins than 
elsewhere. In the vicinity of Congress Heights, the gravels of the 
Sunderland are frequently cemented by ferruginous material. The 
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ferruginous conglomerate used in the wall about the groondB of St. 
Elizabeth's Asylum were obtained from this consolidated Sunderland 
material. The coarser materials are frequently much decayed. 

A fossil bed bearing carbonaceous matter containing recognizable plant 
remaiiLs occurs at Foint of Bocks and a similar deposit has been dis- 
coTered not far from Owings Station on the Chesapeake Beach Railroad. 
From this latter locality no remains capable of identification have been 
secured. It consists of a stratum of black clay about 3 feet in thickness, 
in which numerons small lignitized stems have been imbedded. 

The sources from which the Sunderland sea derived the materials for 
its deposits were principally confined to the Coastal Plain- Its waves 
must have eroded large areas of the Potomac and Lafayette formations 
and re-worked their materials into its own deposits. Wherever the 
Eocene sands and raaria have been used in any considerable quantity, 
their presence is indicated by a peculiar greenish color imparted to the 
deposit. Miocene materials cannot be so readily detected, but they were 
nevertheless re-worked in large quantities. The rivers also brought in 
contributions from the Piedmont Plateau and the mountains of western 
Maryland. This material was pushed along the bottom, drifted in 
suspension and floated along on ice-blocks. 

Section on Bat Shore Two Miles South of Cove Poirt. 

Feet. Inchet. 

Pleistocene. Sand^ loam 3 

Sand and gravel 20 

Iron lajrer 3 

Fine white and red sand 3 6 

Drab clayey sand 1 

Reddish sand 6 

Drab claye; sand 1 

Fine white and red sand 3 6 

Drab clay 8 

Fine sand « 

Drab clay 3 

Red sand 2 G 

Iron layer 2 

Miocene. Fosslllferous Bandr clay 64 

Total 96 7 
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Steatigbaphic Kelatioks. — The Sunderland formation is built as a 
terrace lying irregularly and unconformable on older rocks which range 
in age from pre-Cambrian down to the later members of the Miocene. 
{Plate XI, Fig. 1). In certain localities in Bouthem Maryland it 
IB believed to rest unconiormably on the basal portions of the Lafayette, 
and in other localities there may be remnants of the Lafayette 
lying concealed beneath its base. It also lies at a distinctly lower level 
than this formation, wraps about it like a border, and is separated from it 
by a BCarp which is at times abrupt and very well defined. The most 
typical of these scarps can be seen near Congress Heights and amounts to 
about 60 feet. Others occur at Bryantown, Aquasco, and Charlotte Hall. 

A word may be added regarding the scarp at Charlotte Hall as it seems 
to have been overlooked by former geologists. The height of the scarp 
is about 30 feet and separates the flat surface of the Lafayette above from 
the plain surface of the Sunderland below. The Lafayette surface 
stretches away in an unbroken plain, gently rising toward the Piedmont 
and the Sunderland extends southward toward the ocean. Just beyond 
the main scarp-line there are in the vicinity of Charlotte Hall a number 
of outliers of Lafayette which rise above the general level of the Sunder- 
land. These bear the same relation to the main Lafayette deposit as the 
outliers of the Talbot formation, which now rise above the surface of 
Chesapeake Bay, bear to the mainland close by. This topography at 
Charlotte Hall might be easily overlooked by one making a hurried 
reconnaissance and might be entirely misunderstood by one unaccustomed 
to the geology of the Coastal Plain. The narrow flat reentrants which 
separate the main body of the Lafayette from the outliers might be 
looked upon as a valley cut by stream erosion and the presence of opposing 
scarps where the outliers face the main body of the Lafayette formation 
might be considered as indicative of river banks. On the southeast side 
of these outliers, where they faced toward the Sunderland sea, there is 
no opposing bank, but they drop away similarily to the Sunderland 
surface which is unobstructed by other prominences toward the southeast. 
It is evident that these outliers were once portions of the mainland and 
that the narrow ilats which ramify among them were formerly stream 
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valleys cut in the bo^y of the Lafayette formation, but with the advance 
of the Sunderland sea these drainage ways were submerged and filled and 
the divides which separated them were either obliterated or else cut up 
into a series of outlying islands. A similar topography may be seen on 
the Eastern Shore of Chesapeake Bay today. 

Another line of evidence is furnished by the presence of a beach 
gravel on the surface of the Sunderland formation aa it approaches the 
base of the Sunderland-Lafayette scarp. The Lafayette in this region 
carries very little gravel and waves cannot produce a shingle beach nnless 
there is gravel at hand out of which to make it. At Charlotte Hall, 
however, the waves of the Sunderland sea concentrated on the beach the 
small amount 6f gravel which they secured by the erosion of the Lafayette 
scarp. It may also be added that there are ice-bome blocks in the body 
of the Sunderland formation beneath the scarp-line, but none have yet 
been discovered in the Lafayette formation above. 

An even more significant feature of the topography in the vicinity of 
Charlotte Hall is furnished by two generations of stream valleys. One 
of these, the older, is now dry and unoccupied. It penetrates the La- 
fayette formation and formerly drained from it into the Sunderland sea. 
The other generation of valleys is now being rapidly e;ctended inland 
from the Patuxent and Potomac rivers. These latter valleys are steep- 
walled and V-shaped and at the present time have worked their way so far 
back on the divide as to drain the edge of the Sunderland formation in 
the vicinity of Charlotte Hall. These two valley systems are not only 
distinct in age, but they have no physical connection whateoever. 

What was said in regard to the Lafayette formation forming the 
surface of the country is also true of the Sunderland. Wherever it ia 
developed, it forms the surface of the region, with the exception -of a 
short distance around its outer margin where the Wicomico formation, 
when present, is believed to encroach somewhat on its basal members and 
to tie on them uncomformably. In almost every place where good sec- 
tions of Pleistocene materials are exposed the deposit from base, to top 
seems to be a unit. In other places, however, certain beds are sharply 
separated from underlying beds by uneven lines that seem to suggest an 
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unconformity. These breaks commonly disappear in short distances 
showing probably that they are for the most part only local phenomena 
within the same formation, produced by the contemporaneous removal ot 
material by shifting, shallow-water currents. They generally seem to 
have no relation to each other in closely adjoining regions as far ae can be 
recognized. Since the Pleistocene formations occupy bo nearly a hori- 
zontal position it should be possible to connect these separation lines if 
they were subaerial erosional unconformities. In the absence of any 
definite evidence showing these lines to be stratigraphic breaks separating 
two formations, they have been disregarded in the mapping. 

Yet it is not improbable that in some places the waves of the advancing 
sea in Sunderland, Wicomico, and Talbot times did not entirely remove 
the beds of the preceding period of deposition over the area covered by 
the sea in its nest transgression. Especially would deposits laid down 
in earlier drainage lines as the sea advanced be likely to persist as isolated 
remnants which later were covered by the next mantle of Pleistocene 
materials. If this is the case each formation from the Ijafayette to the 
Wicomico is probably represented by fragmentary deposits beneath the 
later Pleistocene formations. Thus in certain sections the lower portions 
may represent an earlier period of deposition than that of the overlying 
beds. In those regions where the Miocene or older materials are not 
exposed in the base of the escarpments each Pleistocene formation near 
its inner margin probably rests upon the attenuated edges of the next 
older formation. Since lithologic differences furnish insufficient criteria 
for separation of these late deposits, and sections are not numerous enough 
to distinguish between local interforraational breaks and widespread 
unconformities resulting from an erosion interval, the whole mantle of 
Pleistocene materials occurring at any one point is referred to the same 
formation. Even if the stratigraphic relations could be determined the 
areas of outcrop of the subjacent materials exposed in the present stream 
channels would hardly admit of cart<^raphic representation. For ex- 
ample, the Sunderland is described as overlying the Jurassic { ?), Creta- 
ceous, Eocene and Miocene deposits and extending from the base of the 
Lafayette-Sunderland escarpment to the base of the Sunderl^id-Wicomico 
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escarpment. The few deposits of Lafayette materials which maj possibly 
uijderlie the Sunderland are therefore diBregarded because unrecogniz- 
able. Similarly the Wicomico is described as including all the gravels, 
sands, and clays overlying the pre-Lafayette deposits and extending from 
the base of the Sunderland-Wicomico escarpment to the base of the 
Wicomico-Talbot escarpment. It is possible of course that materials of 
Lafayette and of Sunderland age may occasionally lie beneath the 
Wicomico formation, and the same may again be true of the Talbot for- 
mation. 

The Wicomico Formation. 

The name Wicomico, suggested by the Wicomico river, in St. Mary's 
and Charles counties, was first proposed by the author in May, 1901. It 
is equivalent to the older portions of Barton's Later Columbia as de- 
scribed and mapped by him in the Washington folio, U. S. Geological 
Survey, 1901. To the north in New Jersey there it, no single formation 
described to which it is equivalent, but it corresponds to portions of 
Salisbury's Cape May, Pensauken, and possibly Bridgeton. 

Abeal Distbibution. — The Wicomico formation extends from South 
Amboy across southern Jfew Jersey into Pennsylvania, Delaware, Mary- 
land, and Virginia. Beyond this point it has not been studied carefully, 
but from facts which have been gathered it appears to extend far to the 
southward. In the Coastal Plain of Maryland it has a greater areal 
development than either the Lafayette or Sunderland. It has been less 
dissected by erosion and, therefore, shows the plain terrace character of 
its surface far better than either of the other two formations. Its great- 
est development is on the Eastern Shore (Plate I) where it forms the 
water shed down the center of the region and extends as far souUi as 
West in Worcester county. On the Western Shore its development is not 
so continuous. It forms a border beneath the Sunderland on Elk Neck 
as well as along the western side of Northeast river. South of here it 
is developed in irregular outliers and in southern Marjland it forms a 
fringe about the Sunderland deposit and veneers the bottom of ancient 
stream valleys which formerly drained it. 
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—VIEW SHOWING TALBOT-WICOMICO SCAKP, TALBOT SURFACE IN rOBEGROUl 



Fig. 2. — VIEW at the same i 

LOOKING DOWN ON THE TALBOT PLAIN. THE TOP OF THE SCARP MAY BE SEEN RUNNING 
ACROSS THE MIDDLE OP THE ILLUSTRATION. 
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STHDCTtiHB AND THICKNESS. — What was Said in reference to the 
Htmctnre of the Lafayette and Sunderland is also applicable to the 
Wicomico formation. Its basal portions are frequently obscured and ;t 
was deposited on an uneven surface. A better idea of its structure can be 
obtained from comparing its surface elevations than the elevations of its 
basal portions. 

The surface elevations of ten localities within the Wicomico formation 
and the average slopes between them are given on Plate XXV. From a 
comparison of these it will be seen that betwe^i Aiken and Washington 
there is no slope indicated. From Washington to Ridge the surface of 
the Wicomico formation has a difference in altitude of 45 feet through- 
out a distance of 63 miles, making an average slope of 0.7 of a foot per 
mile. On the Eastern Shore, from Qrajs Hill to West, the diflEerence in 
altitude amounts to 55 feet in 96 niles, or an average slope of 0.5 of a 
foot per mile. It will thus be seen that the Wicomico formation, like 
the Lafayette and Sunderland, slopes gently toward the southeast. There 
is only a very small element of tilting present in this structure. In 
southern St. Mary's county, however, there is probably more than in any 
other portion of the region. The structure then is mostly due to initial 
slope. 

The Wicomico formation nowhere attains any considerable thickness. 
At Turkey Point, Cecil county, it has a thickness of about 70 feet. This 
is probably the maj[imum. At many other places it thins down and dis- 
appears entirely. As a whole, its average tliickness probably does not 
exceed 25 or 30 feet. 

Character of Materials. — The materials which constitute the Wi- 
comico formation are similar to those found in the Sunderland, and, in 
fact, many of them have been derived from that formation. They consist 
of clay, peat, sand, gravel, and ice-borne boulders (Plate XI, Fig. 2, and 
Plate XVI, Fig. 2). The distribution of these materials is similar to 
that described in the Sunderland in that they grade one into the other 
both vertically and horizontally, with the preponderance of the coarser 
materials at the base of the formation while the finer deposits are largely 
developed towards the top. In the vicinity of Annapolis large quantities 
of Eocene materials have been re-worked in the Wicomico formation, and 
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about one mile southeast of Queen Anne (Hardesty) in Prince George's 
county, there is a deposit of carbonaceous matter about 20 feet thick 
containing plant remains. At times the materials are very much decayed 
as in the Sunderland, 

In the valleys of the Potomac and Susquehanna rivers the Wicomico 
formation contains large quantities of ice-borne boulders. These are 
very conspicuous at the head of the hay and in many of the road cuttings 
on Capitol Hill, Washington. Ice-borne boulders are also abundant along 
the lower course of the Potomac river and are frequently met with on 
the Wicomico surface of the Eastern Shore. 

The Wicomico sea derived its material in much the same way as that 
of the Sunderland. The waves eroded the borders of the Lafayette and 
Sunderland formations and re-worked this material with others secured 
from the older Coastal Plain formations. Wherever the Wicomico sea 
advanced on uncovered areas of Miocene, Eocene, and Cretaceous depos- 
its, these were eroded and re-deposited on the sea-floor. At the same 
time the rivers which drained from the west brought in material from 
the Piedmont Plateau and Appalachian Mountains. 

At Turkey Point there is a sea cliff cut by the waves of Chesapeake 
Bay about 75 feet in height. As the greater portion of this consists of 
the Wicomico formation, it forms one of the most typical sections to be 
found anywhere in Maryland. 

Sectiok of thb Wicomico Fobmatiok at Tubeet Point. 

FeeU Incket. 

Sandy clay 10 

Coarse gravel layer, with boulder bed at base 15 

Oravel aad clay pebblea. containing black bands 3 

ArkoBlc sand and coarse gravel 4 

Brownish clar sand 1 

Coarse arkoGlc sand and clay pebbles, containing black 

bands and spots is 

White clay 1 

Quartz pebbJea 3 

Coarse cross-bedded arkostc. reddish-brown sand 15 

Variegated clay 3 

Patapsco rormation (Cretaceous) i 

ToUl 73 4 
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Stratigraphio Relations. — The Wicomico formatioD is built as a 
terrace lying irregularly and unconformably on older rocka which extend 
from pre-Cambrian and Faleazoic down to the latest members of the 
Miocene period. It is beHeTed to lap up about the borders of the Sun- 
derland formation and to lie unconformably on its basal portions. It 
lies at a distinctly lower level from that of the Sunderland and is sepa- 
rated from it by a scarp which forms a prominent feature of the topog- 
raphy {Plate VIII), The surface of the Wicomico formation forms the 
surface of the country on which it is developed with the exception of its 
margins, which are doubtless overlaid unconformably in their lower por- 
tions by the next younger formation, the Talbot. 

The Talbot Formation. 

The name Talbot, suggested by Talbot county, where the formation is 
well developed, was first proposed by the author in May, 1901. It is 
equivalent to the younger portions of Darton's Later Columbia as de- 
scribed and mapped by him in the Washington folio, TJ. S. Geological 
Survey, 1901. In New Jersey there is no one formation described which 
is equivalent to it, but it contains parts of the Cape May and Fensauken 
formations of Salisbury, 

Abbal DiaTRiBCTiON. — The Talbot formation extends from South 
Amboy across southern New Jersey, Pennsylvania, Delaware, and Mary- 
land into Virginia, from which point it is evidently continued south- 
ward to an unknown distance. In Maryland it occupies the area between 
the margin of the older surficial deposits and the seashore {Plate I). 
It wraps about the Wicomico and other terrace deposits as a border and 
extends up reentrant valleys as a venoer. Erosion has attacked this 
terrace to such a alight extent that it may be considered as continuous, 
although here and there small areas have been separated from the other- 
wise unbroken surface. It finds its greatest development on the Eastern 
Shore and particularly in the southern portions of this area, where it 
forms broad flats which decline lower and lower until they pass into 
marches and blend imperceptibly with the beach. On the Western 
Shore it also has an extensive development, particularly toward the head 
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of the bay. In Southern Maryland ia partakes of the character assumed 
by the Wicooiico in that it forms a border around the margins of the 
other formations and exteDds up their re^itrant valleys, filling them id 
as a valley floor. 

Sthcctcjhe asd Thickness. — ^What was said in regard to the struc- 
ture of the previous formation applies equally well to the Talbot, with the 
exception that the Talbot has apparently suffered to a very small estent 
by tilting. It baa been raised practically parallel to its former position. 
Comparisons made between ten localities within the Talbot formation 
(Plate XXVI) show that there is no slope in the northeast-southwest 
direction, but a very gentle one toward the southeast The difference in 
altitude between Perryville and Crisfield is only 40 feet over a distance 
of 109 miles, making an average slope of 0.4 of a foot per mile. It will 
thus be seen that the Talbot formation, like its predecessors, slopes toward 
the southeast. There is probably little if any element of tilting repre- 
sented in this structure. 

The thickness of the Talbot is as variable as that of the other surUcial 
deposits. Where the waves of Chesapeake Bay have cut well back into 
this formation so as to dissect it near its contact with the Wicomico 
scarp-line, it at times has a thickness of 35 or 40 feet Usually it ia 
much less and may thin out and disappear altogether. As a whole, the 
average thickness of the Talbot formation does not esceed 20 or 25 feet. 

Chaeactee of Materials. — The materials which compose the Talbot 
formation consist of clay, peat, sand, gravel, and ice-borne boulders 
(Plates XIV, XVI, Fig. 1, XVII, and XVIII). As in the Snnderland 
and Wicomico formations, these materials grade into each other both 
vertically and horizontally, and the same tendency toward a bipartite 
division of the coarser materials below and the finer materials above is 
present in the Talbot as in the others. There is, on the whole, much less 
decayed material than in the three preceding formations and the absence 
of this gives to the formation a younger ^pearance. Cross-bedding is 
very common. In the western portion of the area, throughout the Poto- 
mac and Susquehanna valleys, the Talbot deposits frequently contain 
large ice-borne boulders. These are also common on the surface and 
within the body of the same formation on the Eastern Shore. 
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MICO-TALBOT SCARF. UTHOGRAPRED AND PUBLISHED BY N. CURRIER, 
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The following section may be considered aa typical for the Talbot 
formation, although others occur which show a slightly different distribu- 
tion of material as explained above. 

SaciKin ON WuT Side of Aitacostia Riteb South or PEHHSn^VAinA Avenue. 

Feet. Incite*. 

Sandy loam, light yellow to brown In color 3 6 

Fine yellow sand with occaalonal solitary gravels or thin 
lenses of gravel 4 to 6 inches thick; gravel up to 6 

inches In diameter 7 

Mass of gravela of atl sizes nnstratlQed, some several feet 
In diameter, yellow sandy matrix, strfe found on 
gravels, materials generally fresh in appearance, a 
few small lenses of yellow sand free from gravel pres- 
ent In places Iron crusts have formed In the sand 
and gravel, cem^ttlug them together (exposed) 11 

Total 21 6 

Along the shore of Chesapeake Bay and the lower courses of many of 
its estuaries there occur at intervals deposits of greenish-blue clay devel- 
oped as lenses in the body of the Talbot formation. Usually the base 
of the clay is not visible, but its stratigraphic relations are such as to 
leave no doubt that it, or a thin gravel bed on which it occasionally rests, 
is unconformable on whatever lies beneath. The upper surface of these 
clay lenses is everywhere abruptly terminated by a bed of coarse sand or 
gravel which grades upwards into loam and at its contact with the clay 
strongly suggests an unconformity. These clay lenses are in some locali- 
ties devoid of fossils, but in others they contain remains of marine and 
estuarine animals and land plants. Some of the more typical exposures 
will now be described. 

Along the shore, about a mile below Bodkin Point, Anne Arundel 
county, the variegated clays of the Karitan formation are finely exposed 
in a cliff some thirty feet in height. These claye occupy the greater portion 
of the section and carry an abundance of lignite more or less encrusted 
with crystals of pyrite. Sand and gravels of the Talbot formation uncon- 
formably overlie the clays and constitute the upper portion of the cliff. 
Half a mile farther south the cliff still maintains its former height, but 
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the section baa changed. Some ancient stream must hare established its 
valley on the Baritan sand, for here the surface of that formation, like a 
great concave depression, passes gradually beneath the beach to appear 
again in the cliff a hundred and fifty yards to the south. In this hollow, 
lying unconformabiy on the Baritan formation, is a bed of dark-colored 
clay about fifteen feet thick. Bluish etnd greenish tinted bands of clay 
relieve somewhat the somber aspect of this deposit, and at about its 
middle portion it carries a bed of peat. But its most striking feature is 
the presence of huge fossil cypress knees and stumps which are imbedded 
in its lower portion. These stumps vary in diameter from two to over 
ten feet, and after the removal of the surrounding clay, stand out promi- 
nently in the position in which they must have grown, Mr. A. Bibbins, 
to whom the author is indebted for notes on these deposits, baa counted 
thirty-two of these stumps which were visible at one time, and also reports 
finding worm-eaten beechnuts intimately associated with cypress cones 
near the base of the formation. Sands and gravels of the Talbot forma- 
tion overlie the whole. Immediately south of this outcrop the dark- 
colored clays are temporarily replaced by the Baritan formation, but they 
appear again a tittle further down the shore, and afford a good and almost 
unbroken exposure for about a mile. The tbicknees of the clay in this 
locality is at first about ten or twelve feet, but it gradually becomes thin- 
ner southward and finally disappears altogether. Casts of Unio shells 
and not vegetable remains are its predominant fossils, while, like the 
beds containing the cypress swamp, it overlies the Raritan formation un- 
conformabiy, and is itself abruptly buried beneath TaJbot sands and 
gravel. 

Another locality of these deposits is on the bay shore, about a mile 
northeast of Drum Point (Plate XVI, Fig. 1). Here, at the base of a 
cliff about thirty feet high, is a two-foot bed of dark, chocolate-colored 
clay carrying gnarled and twisted sticks protruding in every direction 
from the material in which they are imbedded. Above this occurs a thin 
seam of lignite one and a half feet thick, which in turn is overlain with 
about five feet of slate-colored clay. At this point the continuity of the 
deposit is interrupted by a series of sands, clays, and gravels of un- 
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doubted Talbot age, which exteod upward to the top of the cliff. Al- 
though the base of this lignitic clay series is buried beneath beach eands, 
field relations lead to the cooclusiou that it is very much younger than 
the Miocene clays on which it rests unconformably. 

A similar section is to be seen on the Patuient river, about a mile below 
SoUere Landing. Large 6tuin|» here protrude from a dark, basal clay 
bed, some five feet in thickness, which is covered by three feet of sand, 
and this again is buried beneath ten feet of Talbot sand and gravel. The 
relations of the basal clay to the underlying Miocene is again obscure, but 
indications point to an unconformity. Another section is exposed along 
the shore one and one-half miles northwest of Cedar Point, where a thin 
bed of drab clay carrying vegetable remains is overlain abruptly with 
sands and gravels. Its contact with the Miocene is again unfortunately 
obscuTed. At the localities just described no animal remains have been 
discovered, but on the north bank of the Potomac, about half way between 
St, Mary's river and Breton Bay, there is a deposit of lead-colored clay, 
exposed for a quarter of a mile along the shore. It is buried at each end 
as well as above by sands and gravels and carries both lignite and 
Onathodon cuneaia Conrad. Although the description given by Conrad 
is somewhat vague, it is highly probable that he visited this locality and 
collected specimens of the fossils. Two more localities should be men- 
tioned, Wailes Bluff, near Cornfield Harbor, and its companion deposit 
exposed at Langleys Bluff five and a half miles south of Cedar Point on 
the Bay shore. Conrad was well acquainted with these deposits ana lo 
the former he devoted especial attention. Each is about ten feet thick, 
occurs at the base of a low cliff, is composed mostly of a dark, lead-colored 
clay, and is overlain abruptly with Talbot sand and gravel, while uncon- 
formity with the Miocene is beautifully shown at the base of the Bay 
shore section. A number of fossils have been described from the Corn- 
field Harbor locality, among which are Ostrea virgimca Gmelin, Area 
ponderosa Say, Area transversa Say, Venus mereenaria Limi6, Mya 
tvenaria Linn^, Bamea. costata (Linn^), Crepidula plana Say, Polyni:es 
duplicatvs (Say), Fvigur carica (Gmelin). In this exposure the lower 
four feet of clay carries the marine forms and above this there are two 
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feet of Bandy clay literally packed with Osirea virginica. These same 
general relations hold for the similar deposits south of Cedar Point. 

There are a number of other localities in the Talbot formation in which 
animal and vegetable remains have been discovered. They are not as 
important as the ones just described, but show similar relations whenever 
the contacts-are visible. All the fossil localities known at the present 
time within the superiicial deposits of Maryland have been indicated on 
the geological map, Plate I. 

Stratigraphic Relations. — The Talbot formation is built as a ter- 
race lying irregularly and unconforraably on older rocks which range in 
age from pre-Cambrian down to the latest members of the Sliocene period. 
It laps up about the borders of the Wicomico formation and apparently 
lies unconformably on its basal portions. It is at a distinctly lower level 
than the Wicomico and is separated from it by a scarp (Plate XII) which 
makes a distinct feature in the topography. The surface of the Talbot 
is also the surface of the country in wliich it is developed with the excep- 
tion of its borders, which are unconformably overlaid at times by the 
Recent beaches (Plate XV, Pig. 2). The valleys which have been cut 
in the Talbot formation have recently been drowned and on these the 
Recent sea is making a deposit similar to that which has been made by 
every terrace deposit in the reentrant valleys of its predecessor (Plate 

XV, Pig. 1). 

There has been considerable discussion regarding the presence of the 
Talbot formation in the vicinity of Washington. Darton has failed to 
map it in his Washington folio, and Salisbury aaya that it " has not been 
recognized in the District of Columbia, and in the immediate vicinity of 
Washington, at least, it has little, if any, development." ' Notwithstand- 
ing this assertion, the Talbot and Wicomico are both unquestionably 
present in the District of Columbia and the two have been mapped by 
the author throughout this region. The Capitol is built on Wicomico 
and the descent from this surface to the surrounding lower flats is the 
■ Talbot- Wicomico scarp. It falls in line and is in perfect harmony with 

'Ann. Rept. State Geol., N. J., 1901, p. xixlx. 
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( DARES WHARF, CALVERT 



FiC. 2.— VIEW SHOWING SECTION OF TALBOT FORMATION, NEAR DARES WHARF, CALVERT 
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the geology of the surrounding regions. This Bcarp-line ia one of the 
moat important topographic features within the city of Washington, 
notwithfltanding the fact that it has been to a large extent built over and 
has been somewhat modified by grading. In earlier days before the city 
had grown to its present dimensions, -this scarp-line was such a prominent 
feature in the topography that almost every artist represented it in slcetch- 
ing panoramas of the city. Two of these early prints have been repro- 
duced on Plate XIII. Even a cursory examination of them will sufGce 
to show the Wicomico-Talbot scarp-line. 

Interpretation op the Stratiqraphic "Record. 

The interpretation of the stratigraphic record has made it necessary 
to correlate the various deposits not only within the Coaatal Plain of 
Maryland, but also beyond the borders of this State in adjoining terri- 
tory. In making this correlation, the author has confined his conclu- 
sions to those regions which have fallen under his direct observation. 
They consist of the Potomac valley of Virginia and the Coastal Plain of 
llaryland, Delaware, Pennsylvania, and New Jersey. Broader correla- 
tions of the Maryland surflcial deposits with regions more remote rest 
on paleontological evidence and have been considered by Professor W. B. 
Clark and Doctors F. A. Lucas and Arthur Hollick, who have contributed 
chapters on the organic remains. 

Six classes of criteria have been employed by the author in correlating 
the various deposits within the region mwitioned above. These claasea 
are: fossil remains, similarity of materials, stage of decomposition, con- 
tinuity of deposits, similarity of topographic form, and sequence in topo- 
graphic position. 

POSSIL BBMAINS. 

When the surflcial deposits of Maiyland are considered as a whole, it is 
evident that fossil remains are not abundant or equably distributed. Up 
to the present time none whatever have been discovered in the Lafayette. 
The Sunderland, Wicomico, and Talbot formations have yielded plant 
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remains while the latter formation alone contains invertebrates. A few 
mastodons' teeth and other vertebrate remains have been found in the 
Talbot formation. The plant remains have yielded important informa- 
tion regarding the flora of the time and have thrown considerable light 
on the age of tiie deposits and on the climatic conditiona which existed 
in this region during the deposition of the terrace formations, but they 
have been of little value in correlation. This statement will be better 
appreciated when it is realized that the plant beds which are local in 
development and widely scattered are for the most part confined to the 
Talbot formation There are but two localities in the Sunderland where 
plants are known to occur and only one in the Wicomico. AH the ma- 
terial thus far discovered has not yielded conclusive evidence of distinct 
floras in the various formations, but rather conveys the impression that 
practically the same forms of plant life existed in the r^on from Sun- 
derland down through Talbot times. Such variations as are present are 
suggestive of different plant societies in the same general flora rather 
than of a distinction of age between the floras. 

The invertebrate remains have been chiefly secured from the two locali- 
ties ao well known to Conrad — Wailes Bluff, near Cornfield Harbor, and 
Langleys Bluff, on the Bay shore, five miles southeast of Cedar Point. 
Federalsburg, Baltimore, and a few other places have yielded additional 
material, but not in the same abundance as the localities just mentioned. 
These fossils are valuable in determining the age of the Talbot in which 
they all occur, but the lack of invertebrate remains in the other terraces 
makes it impossible to say whether the fauna of Talbot time was different 
from that of Wicomico, Sunderland, or Lafayette time. The inverte- 
brates, therefore, cannot be used to distinguish between the various 
Burficial deposits of Maryland or adjoining regions, but they are of value 
in correlating the Mar}'lnnd series as a whole with similar series else- 
where. The lack of an abundance of fossils seems in a large measure to 
be due to unfavorable conditions for preserving the hard parts of ani- 
mals, which probably inhabited the estuaries and open water of the ocean 
in large numbers. The few vertebrate remains which have been discov- 
ered are of even less value in correlation. They have, however, thrown 
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considerable light on the distribution of Elepkas and certain other fonns 
in eastern North America. 

SIMILARITY OF UATERIALS. 

Correlations founded on evidence afforded by similarity of materials 
is always open to question and nnlesa the evidence is used with the great- 
est caution, it is apt to be more harmful than helpful. This class of 
criteria has been of some aid in correlating the various terraces within 
the Coastal Plain, bat on the whole baa been found inadequate. The 
deposits may be divided into two great categories, those which carry 
large boulders and those which do not It has been found that the 
highest terrace deposits, or those which have been assigned to the Lafay- 
ette formation do not contain these boulders, while the Sunderland, 
Wicomico, and Talbot formations are abundantly supplied with them. 
For a number of reasons it is evident that most of these boulders are ice- 
borne. If this conclusion is well founded, and if the Lafayette has been 
correctly referred to the Pliocene period, ice-borne boulders would not he 
expected in that formation, for it was deposited during a time of genial 
climate at least in these latitudes. The presence of ice-borne boulders in 
the Lafayette of Maryland would, therefore, immediately call into ques- 
tion the Plioc^ie age of this formation. This means of separating the 
Lafayette from the other terraces is helpful but not altogether reliable, for 
blocks of floatiiig ice are not the only means by which boulders can be 
transported for long distances and deposited in the midst of fine silt. 
Floating vegetation cau also perform this function as well as ice. The 
mere presence, therefore, of a few boulders in the Lafayette imbedded in 
fine silt would not necessarily point to ice action. Neither would it be 
sufficient evidence to correlate the deposit with one of the Columbia for- 
mations. Vast areas of the Lafayette have not as yet been dissected by 
streams and are consequently not accessible to the geologist, and it would 
not be surprising if here and there scattered boulders should intimately 
be found within it. They have been found occasionally in the Miocene of 
Maryland in the midst of fine marine silt. Why may they not be ex- 
pected in the Lafayette formation? On the other hand, the absence of 
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boulders in a deposit does not indicate that it should be correlated with 
the Lafayette rather than with the Columbia formation. For not only 
is the greater mass of the Columbia deposits sealed to the geologist from 
lack of erosion, but also the boulders are not equally distributed through- 
out it. They are confined mostly to the greater drainage Tinea, while in 
many other regions they are absent. If then outliers should be found, 
which on examination fail to reveal boulders, it could not for that reason 
alone be separated from the Colombia and correlated with the Lafayette. 
In regard to employing the kind of materials occurring in any one of 
the surflcial formations to separate it from another, it may be added that 
this method has been tried and found inadequate. The most that can be 
said in favor of it is, that the gravels in the Lafayette formations are 
composed almost entirely of sandstone, quartz, and quartzite pebbles 
while the coarser materials in the other terraces frequently contain much 
gneiss, gabbro, granite, etc., although these are by no means everywhere 
present. It would not be surprising, however, to find somewhere in the 
Lafayette a considerable admixture of gravel having a complex mineralog- 
ical composition. Among the various formations of the Columbia group 
no means of separation founded on the mineralogical composition of the 
deposits has been found to hold in Maryland and the same is true in 
Pennsylvania and New Jersey. 

STA.aE OF DEOOHPOSITIOM. 
Another method of correlating the surficial d^osits is by comparing 
the stage of decomposition exhibited in each. The value of this method 
rests on the assumption that the oldest formation or the one first de- 
posited, has been exposed longest to the chemical action of surface waters 
and has consequently reached a further stage of decomposition than any 
of the other terrace deposits, each one of which should show a more ad- 
vanced stage of decay than the one immediately succeeding it In sub- 
jecting this method to a practical test in the field, it appears that the 
assumption on which it is founded is too sweeping. There are no doubt 
certain classes of deposits where discriminations by the stage of decomr 
position can be applied with confidence. In many glacial deposits for 
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instance, the grinding effect of the ice is no doubt sufficient at times to 
pulverize all rocks which have been loosened by decay bo that only the 
toughest and freshest can survive. A ground moraine, therefore, when 
first deposited, will be composed of hard, fresh material, while that on 
which it resta will probably be eonsiderabiy decayed through having been 
deposited during an earlier ice advance and, therefore, exposed longer to 
the chemical action of underground waters. The conditions iinder which 
the surfieial cover of the Coastal Plain was deposited were vastly differ- 
ent from thoee which prevailed at the same time in the adjacent glaciated 
region. One was chiefly the work of glacial ice, the other of river, estu- 
arine. and marine waters aided by floating ice. In the Coastal Plain de- 
posits, which have been laid down by the action of water in one way or 
another, the stage of decomposition is not entirely a function of age, but 
depends on many other factors which vary greatly in the amount of their 
influence with the ever-changing conditions. The possible factors, there- 
fore, which may have combined to produce a certain stage of decomposi- 
tion in a deposit are so many as to make the restoration of actual condi- 
tions extremely doubtful and this element of doubt is what eliminates the 
" stage of decomposition '' as a reliable method of correlation. A few of 
these factors will now be discussed. 

Exposure to the iniluence of surface waters is one of the most important 
factors. It was shown above that the earliest formations of the Potomac 
group were probably deposited in Jurassic time. An important stratum 
in the Patuxent formation is arkose. This lies low in the series and is 
of great age, and yet it is not more decayed than some of the boulders 
of granite and gneiss which occur in the Talbot formation deposited to- 
ward the close of the Pleistocene period. Many of the gravels in the 
other Potomac formations are as hard and fresh to-day as when first de- 
posited, while similar gravels in the Lafayette formation are in an ad- 
vanced stage of decay. This discrepancy may be due to the fact that the 
surfieial deposits have been exposed to the chemical action of under- 
ground waters for a longer time than the Potomac deposits, but on the 
other hand it is also probable that these gravels of the Potomac which 
appear so fresh have actually been near or at the surface for long periods 
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of time during the mterrals of erOBlon which preceded and followed the 
deposition of the Lafayette formation. 

Another important factor ia found in the character of the materialB. 
It was pointed out in an earlier part of this chapter that the Sunder- 
land, Wicomico, and Talbot all contain large qnantitiee of gneies, granite, 
and gabbro boulders, while the Lafayette had few if any boulders of com- 
plex mineralogicat composition, its gravel being composed largely of sand- 
stone, quartz, and quartzite pebbles. This variation in composition has 
produced a confusing result. For those formations which carry gravel 
and boulders of complex mineralogical composition appear by the rapid 
decay of these constituents to be in a much more advanced stage of d&- 
composition than the Lafayette formation which is very much older. 
Many of the sandstone and quartz gravels also in the younger formations 
are in a more advanced stage of decomposition than those of the Lafay- 
ette. If now the Lafayette formation is eliminated from the discussion, 
and comparisons are made between the various formations of the Colum- 
bia group, it is found that the boulders of complex mineral composition 
in ilie Talbot formation are frequently as much or even more decayed 
than similar boulders in some of the older terraces. This fact in itself is 
sufficient to introduce no end of confusion if dependence is placed on 
" stage of decomposition " alone as a valuable method of correlation. 

Tlie last factor to be considered is the re-working of decayed material 
by the waves. So much has been written about the grinding effect of 
the waves that it is customary to conclude that all material which falls 
under their influence is ground to powder unless extremely tough and 
obdurate. This conclusion is no doubt correct in the main, but there are 
times when wave action is weak and unable to pulverize soft material or 
to grind up moderately decomposed boulders if brought under its influ- 
ence. In such cases, the material would be ultimately buried up without 
suffering disintegration by wave action. Partially decomposed boulders 
which had begun to decay in an older formation might then be rede- 
positcd in the wave-built t«rrace in certain sheltered localities and con- 
tinue unchecked their process of decay. Such has actually been found 
taking place at various points along the Bay shore. The presence then of 
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decayed boulderB in the Becent formation is sufficient to destroy any con- 
fidence in the " stage of decompoeition " aa a method of discrimination 
between the age of the various formationB. Yet when tlie various forma- 
tions are considered as a whole over the entire Coastal Plain of Maryland, 
there is a perceptible difference between the stage of decomposition of 
the Talbot when compared to that of all the other formations. As a whole, 
its constituent parts show lees decay. 

It is obvious from this discussion that the author found little aid in 
attempting to correlate the deposits by using " fossil remains," " simi- 
larity of material," or " state of decomposition." The most that can be 
said of them is that in certain cases they were found useful in corrobo- 
rating evidence derived from employing the remaining three classes of 
criteria mentioned above. When taken by themselves, they were unsatis- 
factory. 

•The classes of criteria which the author found most serviceable in dis- 
criminating between the various surficial formations were " continuity 
of deposits," " similarity of topographic form," and " sequence in topo- 
graphic position." These three criteria are all essentially topographic in 
thpir characteristics and application. Their value as methods of corre- 
lation and discrimination rests on evidence now being furnished by the 
activities of the estuarine systems of the Chesapeake and Delaware bays 
and the Atlantic ocean. In other words, the key to the correct interpre- 
tation of the surficial deposits of the Middle Atlantic slope is to be found, 
first, in the topographic form of the Recent terrace; second, in its con- 
tinuous development beneath a wave-cut cliff along the shores of the 
Chesapeake-Delaware Bay systems, as well as under the Atlantic ocean 
to the edge of the continental shelf; and third, in the way this terrace 
would appear if it were elevated and eroded for any given period of time. 
Before discussing the last three criteria of discrimination, this Recent 
terrace will be briefly considered. 

At the present time the waves of the Atlantic ocean and Chesapeake 
Bay are engaged in tearing away the land along their margins and in de- 
positing it on a subaqueous platform or terrace. This terrace is every- 
where present in a more or less perfect state of development, and may be 
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found not only along the ezpoeed shore, but also passing up the estuaries 
to their heads. The materials which compose it are extremely variable, 
depending not only on the detritus directly surrendered to the sea by the 
land, but also on the currents which sweep along the shore. Along an 
unbroken coast the material has largely a local character, while near river 
mouths the terrace is composed of debris contributed from the entire river 
basin. Where the waves ere weak, partially decayed material is torn 
from the bank and redeposited practically unharmed on the surface of 
the terrace, and continues, unchecked, it* process of decay. 

In addition to building a terrace, the waves are cutting a sea oli£E along 
their coast line, the height of this cliff depending not so much on the 
force of the breakers as on the relief of the land against which the waves 
beat. A low coast line yields a low aea cliS and a high coast line the 
reverse, and the one passes into the other as often and as suddenly as the 
topography changes, so that as one sails along the shore of Chesapeake 
Bay, high cliffs and low bluffs are passed in succession. The subaqueous 
terrace and the wave-cut cliff are important features and should be sought 
for whenever other terrace surfaces are investigated. The terrace is never 
absent, but with varying width wraps about the present coast line like a 
contour about a hill. The wave-cut cliff is not so constant for when the 
shore is low, it may sink to insignificance or may disappear altogether. 
In addition to these features, bars, spits, and other formations of this 
character are frequently met with. Along the Atlantic coast of Mary- 
land similar features are present, although the shore line is modified by 
the presence of extensive barrier beaches thrown up by the more powerful 
waves of the ocean. The subaqueous platform is here more extensive 
and characteristic than within the confines of Chesapeake Bay. It 
extends out with a gentle slope to the 100-fathom line at a distance of 
about 100 miles from the shore. 

Were the present coast line to be elevated, the subaqueous platform 
which is now building would appear as a well-defined terrace of variable 
width, with a surface gently sloping toward the water. This surface 
would fringe the entire Atlantic and Bay shore as well as that of the 
estuaries. The sea cliff would at first be sharp and easily distinguished. 
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but as ages passed the les8 coiiBpiciioiis portions would gradually yield to 
the leveling iofluences of erosion, such as soil creep, plant roots, culti- 
vation, etc., anil might finally disappear altogether. Tilting might 
change the original attitude of the surface while erosion would also de- 
stroy in a large measure the continuity of the formation, but as long as 
portions of it remained, the old surface could be reconstructed and its 
histoiy determined. At the margin of this terrace the waves of the ocean 
and estuaries would begin their attack. They would quickly fashion a 
wave-cut cliff around its border and beneath this build up a subaqueous 
platform which would grow in width in proportion as the waves en- 
croached on the land. If this in turn were elevated, it would form an- 
other terrace having the same characteristics as its predecessor, but would 
show its individuality in age and formation by lying beneath it, by being 
separated from it by a scarp-line more or less continuous, and by having 
its snrface less dissected by erosion. At its base once more the waves 
would cut another scarp-line and build another terrace which in time 
might be raised to form another member of the series. These terracos, 
although subsequently dissected and separated one from another by ero- 
sion, could still be diatingnished by sequence in topographic position. 
Regional tilting, which might bccur from time to time, would leave its 
mark in differences in attitude among the terraces themselves. The high- 
est, being the oldest, would accumulate the movements and its position 
would he a composite of them all. The others would record successively 
less deformation in proportion as they were younger until in the plat- 
form buOding beneath the waves of the estuaries, only the latest earth 
movements would find expression. 

If the essential features of the Recent terrace are now clearly under- 
stood, it will be a simple matter to show how "continuity of deposits," 
"similarity of topographic form," and "sequence in topographic posi- 
tion" may be applied in discriminating the relative ages of the earlier 
formations. It may not be amies, however, to say in this connection that 
before, and even after, the author had begun to apply these methods of 
interpretation, a large number of alternative hypotheses were considered 
and rejected as inadequate. As the history of an investigation is not 
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usually coDsidered pertinent to a diocussion, these " multiple hypotheses " 

will not be again referred to, 

CONTINDITT OP DEPOSITS, 

The " continuity of deposits " was one of the most helpful methods 
employed in tracing out the extent of any given formation. In certain 
deposits which have undergone a complicated history, the mere continua- 
tion of a deposit over a large area may not in itself be a proof of its unity 
in age throughout, for one part may have been deposited so much earlier 
than another as to actually belong to a different age, or the formation 
may contain diagonal faunas. In the problem presented in the Coastal 
Plain, however, no such complications are present. There the geologist 
is dealing with formations but a few feet in thickness, each one of which 
is terminated upward by a level surface which forms the top of a terrace. 
It is then legitimate to conclude that so long as the surface is continuous, 
the formation is also. There is, however, an exception to this usage. It 
was pointed out a little above that occasionally the present surface of the 
land slopes down and merges with the modem beach without a topo- 
graphic break. This has been found to be occasionally true of the Talbot 
terrace, although usually it ia separated from the beach by a distinct 
scarp. Such conditions must have held in past time as truly as in the 
present and, therefore, caution must he used In applying the method of 
" continuity of surface " in order to avoid passing from one surface to 
another of different age. This method must be constantly checked by 
the legitimate use of all the others. 

SIMILABlri' OP TOPOGRAPHIC FORU. 

In applying the method of " similarity of topographic form " to the 
surficial deposits, the author regarded the " plain " as the type surface. 
Any topographic feature which deviated from this " type plain " called 
for an explanation. Before taking up these topographic variations, it 
will be well to consider the plain itself. In a previous chapter, the author 
described in a general way the physiography of the region and pointed 
out some of the most striking characteristics of the Coastal Plain deposits. 
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It was not considered necessary to go into many particulars, but simply 
to convey a broad idea of the region. The time has now arrived, how- 
ever, to present in more detail the true character of these various terrace 
formations. 

The older surficial formations, in order to harmonize with the Recent 
terrace, should first possess a plain surface, gently sloping toward the 
ocean or the surrounding estuaries. Second, this plain should be sepa- 
rated by a scarp-line from every oUier and from the higher ground along 
the margin of the Piedmont Plateau. Third, the datum line, or the line 
where each terrace comes in contact with the scarp, should be practically 
at a constant level if the deposit vas raised parallel to its former position, 
or should slope gradually up or down if the terrace has suffered moder- 
ate deformation. Fourth, each terrace deposit should either be, or show 
conclusive evidence, that it once was continuous about the borders of the 
estuaries and along the ocean front A comparison will now be made 
between the older terrace formations in order to show that each possesses 
these essential characteristics. 

In order to show that each one of the older terrace formations possesses 
these characteristics, a series of diagrams has been prepared which are 
shown in Plates XXIII, XXIV, XXV, and XXVI. Each diagram deals 
with a single terrace formation and consists of a series of calculations 
derived from ten distinct localities scattered widely over the surface of 
the terrace. Accompanying each one of these diagrams is a map on which 
the various stations are indicated with an asterisk and their elevations 
above sea-level are expressed in figures. By examining the illustration 
devoted to the Lafayette terrace (Plate XXIII) it will be seen, first, that 
the ten stations are broadly distributed throughout the surface of the 
Lafayette, including not only the area of greatest development south of 
Washington, but also the more important of the outliers in the Coastal 
Plain and along the margin of the Piedmont Plateau. These stations 
were selected not only because they were well scattered throughout the 
district, but also for the reason that they were considered as being char- 
acteristic and representative of the various elevations of the Lafayette 
surface. It will be noticed that six of them lie on the higher elevations 
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of the Piedmont Fkteaa while only fonr are platted in tiie Coastal Plain. 
Two of these Utter, at Ellcton and Marriott Hill, are located on outliers. 
Brandywine and Charlotte Hall are placed one in the center and the 
other at the mai'gia of the broad Lafayette surface of southern Maryland. 
All of the stations of the Piedmont Plateau- «re situated on isolated rem- 
nants. A word may be added in regard to the various surface etevatiooB 
of the Lafayette along the Piedmont Plateau. The old scarp-line against 
which the Lafayette sea must have cut has not been preserved anywhere 
in the region under discussion. At one locality the surface elevation may 
represent a position very close to the old scarp-line and, therefore, orig- 
inally higher, while another one may represent a location at a considerable 
distance from shore and, therefore, lower. This is not true of the other 
terraces where the datum line at the base of the scarp has been preserved 
and stations located at various points along this line can be compared 
with a precision which it is not possible to secure in contrasting stations 
on the Lafayette surface. Erosion has also modified these Lafayette out- 
liers to such an estent that it is a matter of doubt whether the station is 
located on the original surface of the Lafayette formation or at a point 
somewhat beneath. The last remark does not apply to the stations at 
Brandyivine or Charlotte Hall for here it is reasonably certain that the 
surface of the Lafayette has not been lowered appreciably by erosion. 

If attention is now transferred from the map to the diagram, it will 
be seen that each one of these ten stations is accompanied by a numeral 
showing its elevation above mean tide level, and is compared with every 
other station. In the lower left-hand half of the diagram, the figures in 
each square are arranged to express the following: on the first line the 
numeral shows the diilerence in elevation between the two stations which 
are compared, expressed in feet ; the numeral on the next line indicates the 
number of miles between two stations. These measurements were taken 
on a map scaled to eight miles to the inch and are sufTiciently accurate 
for the problem at hand. No fractions are introduced; all the distances 
are expressed in full numbers. In the third line the numerals indicate 
in feet the average slope of the surface per mile between the two stations. 
These average slopes are recordecl by themselves in the upper right-hand 
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half of the diagram, in order to be examined more easily, and In the 
lower left-hand comer ie placed the average slope of the formation cal- 
culated from all the ob^rTadons given in the diagram. This same 
method of treatment has been followed in each one of the succeeding 
diagrams. 

Prom a study of this diagram it is seen, first, that the Lafayette f orma- 
tioQ was evidently developed as a plain surface, gently sloping toward 
the surrounding waters. In order to bring out this point more clearly, 
it is only necessary to examine the average slopes when it will be ob- 
served that none of them exceed 17 feet per mile, one of them sinks to 
zero and the majority fall between 1 and 8 feet. The 17-foot slope is 
located at the head of the Bay between Woodlawn and Elk Neck, In this 
region two factors combine to increase the average slope. The first is 
that with one exception this is the shortest distance between two stations. 
Therefore, any difference in elevation will not be reduced to a low aver- 
age by being divided by a large number of miles. The second factor is 
that in this region the older formations of the Potomac group also indi- 
cate more than the average tilting toward the southeast. While the age 
of this disturbance is not known, it is probable that the Lafayette has 
shared in the deformation. In contrast to this augmented slope, it will 
be interesting to compare the elevations of Stockton and Washington 
along the border of the Piedmont Plateau. Although 52 miles apart, 
tiiese surfaces show no variation whatever, but the three stations between 
them are slightly higher. In order to bring out more clearly the plain 
character of the Lafayette surface, the average slopes have been added 
together and then divided by 45, their total number. From this it is 
found that the average slope of tiie Lafayette surface between all of the 
ten selected stations amounts to only 3.7 feet per mile. It requires only 
a glance at the map to show that the prevailing slope of this plain is 
toward Chesapeake Bay and the Atlantic ocean. It will be seen that all 
of the stations located on the Coastal Plain are below those located along 
the border of the Piedmont Plateau. The greatest slope of the plain 
from the Piedmont to the Coastal Plain is 17 feet per mile, as indicated 
above, at the head of the Bay. In the Potomac valley between Washing- 
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ton and Charlotte Hall, the plain slopes toward the southeast at the aver- 
age rate of 5.5 feet per mile, while from Woodlawn at the head of the 
Bay to Charlotte Hall, it slopes at the average rate of 3.1 feet per mile. 
Other intermediate averages may be easUy ascertained by consultiiig the 
diagram. Thus the plain Rurface and tiie seaward slope of the Lafay- 
ette terrace are demonstrated. 

The second and third reqiiiremraits in establishing an analogy between 
this plain and the present subaqueous terrace is the presence of a scarp 
and a datum line. As both of these have been destroyed by erosion, the 
fourth and last requisite will be considered. This specifies that the 
Lafayette deposit should show conclusive evidence of its original con- 
tinuity. There seems to be no reasonable doubt for accepting this con- 
clusion. Geologists who have worked on this deposit have been impressed 
by the continuity of this formation and with the fact that the various 
outliers were at one time united in a continuous deposit. McGee traced 
the Lafayette up to Fredericksburg. Lewis recognized the isolated rem- 
nants of Lafayette gravel lying on the hilltops near Philadelphia and pro- 
posed for them the name of Bryn Mawr gravels, thereby indicating that 
they were one and the same formation. Finally, Barton followed the 
Lafayette northward from Fredericksburg and showed that the outliers 
of Bryn Mawr in the vicinity of Philadelphia were simply uneroded rem- 
nants of the same general formation. As the consensus of opinion favora 
the view that the Lafayette outliers on the Piedmont Plateau were once 
united with the other areas of the Coastal Plain, the fourth requisite will 
be considered as fulfilled. 

The same explanations which have been given above in regard to the 
Lafayette plat and diagram are applicable to that of the Sunderland for- 
mation on Plate XXIV. It may be said, however, that in this case there 
is a scarp and, therefore, a datum line preserved. AH the stations are 
located along this scarp-line with the exception of the one at Olivet in 
southern Maryland. Tliis has been included eo as to introduce the ele- 
ment of slope away from the scarp-line and is located at the extreme edge 
of the Sunderland surface. A comparison of the averages will show none 
exceeding 3.6 feet per mile while many of them have no variations in 
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elevatitHi whatever. An average of these averages indicates a slope be- 
tween all the stationa of 1.5 feet per mile. The general incline toward 
the Bontheaat, or toward the ocean and the lower portions of the Bay, ie 
indicated by the difference in elevation between the stations of Olivet and 
Ridge and the rest of the stations. In addition to this it may be said 
that any number o5 stations could have been chosen to show that the 
Sunderland formation slopes away from the scarp-line toward the sur- 
rounding waters. 

Ifot only does this surface show a decline in altitude from the foot of 
the Piedmont Plateau to Point Lookout, but also it slopes from the water 
sheds of the peninsulas of southern Maryland toward Chesapeake Bay 
on one hand and the estuaries of the Potomac and Patnient rivers on 
the other. 

As the presence of a scarp has already been indicated, it need not be 
discussed further, but a few words may be said in regard to the datum- 
line. It has just been said that eight stations are located at this datum- 
line. Many of these, which are separated by long distances, are at the 
same elevation, while others do not depart widely from the general aver- 
age. These differences in elevation are probably in part due to the per- 
sonal equation of the various topographers who located the contours on 
which the maps are platted, as well as to the differences in j\)dgment 
among field assistants in locating the separating line between the scarp 
and terrace. Subsequent deformation has also doubtless somewhat 
changed these elevations. 

No one will probably challenge the statement that the outliers sepa- 
rated by scarps from the Lafayette formation above and the Wicomico 
below, are all parts of the Sunderland and were originally connected with 
the main body of the formation in southern Maryland. 

An examination of Plate XXV brings out clearly the plain-like char- 
acter of the Wicomico terrace. All the stations, with the exception of 
West, are located on the datum-line where the Wicomico terrace abuts 
against the Sunderland-Wicomico scarp. No slope between stations has 
a greater average than 3 feet per mile and a larger number than in the 
Sunderland terrace show no variation whatsoever. The majority of the 
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remainder show differencee amounting to a fraction of a foot. The gen- 
eral average of all these shows that the average slope between all ten sta- 
tions of the Wicomico formation amounts to .4 of a foot per mile toward 
the southeast. What was said regaiding the Sunderland formation slop- 
ing from the higher elevations toward the surrounding waters is aleo true 
in regard to the Wicomico formation. The vast development of this ter- 
race on the Eastern Shore adds new weight to this statement from the 
fact that it slopes toward Delaware Baj and the Atlantic on one side and 
toward Chesapeake Bay on the other. From Grays Hill at the northern 
extremity of the Eastern Shore to West at the southern extremity of the 
Wicomico formation in the same region, there is an average slope of .5 
of a foot per mile over a distance of 95 miles. The Wicomico terrace is 
separated from the Sunderland by a well-pronounced scarp which has 
been described at such length as not to require repetition in this place. 
The constancy in position of the datum-line is well brought out through- 
out the district, the only pronounced deviation occurring in southern 
MarylMid, where at Eidge it sinks to 45 feet. 

Throughout moat of its extent the Wicomico still maintains a continu- 
ous surface and there ia no reasonable doubt that it was once continuous 
throughout the area where isolated patches now exist. 

The tendency which has been found developing through the other dia- 
grams finds its consummation in that of the Talbot formation shown on 
Plate XXVI. The stations are all located on the datum-line where the 
Talbot terrace abuts against the Talbot-Wicomico scarp, with the excep- 
tion of the one at Crisfield, which is located at sea-level where the Talbot 
merges with the surrounding beach. On this surface no average slope i& 
greater than Z feet per mile while an even larger number of zeros are' 
present than shown in any of the other dia^ams. The majority of the . 
remaining averages are very small fractions of a foot. The average slope 
between all the stations does not exceed .38 of a foot per mile. It will be 
seen, therefore, that the Talbot surface is in reality a level plain. What 
was said io regard to the sloping of the Sunderland and Wicomico sur- 
faces toward the surrounding ' waters also holds for that of the Talbot: 
The presence of the scarp need not be further discussed. There can be 
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no doubt that the fonoation ie cootiauous as it is the leaat broken of any 
of the terracee. The elevatioDs about the datum-lme show that it has 
suffered no deformation except at the southern extremity of the St. 
Marj''s peninsula where it has apparently been slightly tilted toward the 
southeast. 

If now these various terraces are compared among themselves, it will 
be found that the criteria of the " sequence in topographic position " can 
be applied to discriminate the one from the other, for they lie above each 
other like a fight of stairs. If then the sequence is established in one 
locality, the various terraces may be discriminated in other places, first, 
by means of " continuity in deposits," second, by " similarity of topo- 
graphic form," and third, by " sequence in topographic position." This 
last method of discrimination must, however, be used with caution for it 
has been shown that the tilting of some of the older surfaces has actu^ly 
brought them in places to a lower altitude than certain portions of the 
younger terraces. For instance, at Charlotte Hall the surface of the 
Lafayette terrace lies at 800 feet while at Marriott Hill the surface of 
the Sunderland lies at 320 feet. It will, therefore, be seen that the topo- 
graphic method does not imply " absolute agreement in elevation " in 
order to discriminate between the formations, but it does imply that in 
any one region these formations lie one above the other in successive ter- 
races and that they slope gently from one elevation to another wherever 
a difference occurs. 

A comparison of the averages between these various formations will 
show that the Lafayette surface exhibits a greater average slope than 
any of the others and that each one in turn displays successively leas and 
less average slope down to the Talbot where it becomes almost unappre- 
ciable. This is, as pointed out above, exactly what would be expected for 
it has been shown that the surfaces have undergone repeated deformar- 
tions since they were deposited. The Lafayette, being oldest, was sub- 
jected to them all while the Sunderland, Wicomico, and Talbot have suf- 
fered successively less. 

In applying this topographic method of discrimination, it necessitates 
examining the regioii carefully from end to end in order to detect defor- 
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matiooB and to trace them oat from point to point. It is not advisable, 
after having established a sequence in one section, to make a jump of 25, 
50, or 100 miles to a distant section and conclude that, because a similar 
sequence of terraces is found in that locality, they must be necessarily the 
8nme as were found in the first station. Deformation may have elimi- 
nated certain terraces and introduced others, and one cannot be certain 
that the correlation holds until the entire r^on has been carefully ex- 
amined vith a good topographic map, in order to ascertain whether one 
set of terraces corresponds to the other. It is, of course, understood that 
where formations are separated by such slight elevations, an accurate 
topographic map, published on the scale of a mile to the inch and having 
contours at intervals of not more than 20 feet, is indispensable. The 
work cannot be done with any decree of confidence in a region which has 
not been contoured and accurately mapped. 

Although the surfaces of these various formations are gently sloping 
plains, yet there are occasionally low elevations which rise above and shal- 
low, saucer-like depressions which sink below the general level. 

When a plain surface is found abutting against a scarp, or when an 
elevation rises like an island from the midst of a terrace and is bounded 
by a scarp on a portion of its circumference, it is interpreted as repre- 
senting an island against which the waves beat and cut the scarp. An 
example of an isolated elevation lifting itself above the general level of 
the surrounding terrace and bounded by a well-defined sea-cliff is seen 
in Capitol Hill, Washington, where the prominence on which the capitol 
is located was an island in the Talbot sea. It has a well-developed scarp 
on the north, west, and east, although toward the south it slopes away 
more gently. 

On the surface of the Wicomico and Talbot terraces there are a number 
of minor terraces developed which are separated by low, inconspicuous 
scarps but a few feet in height. These are located especially toward the 
heads of the larger estuaries and on the sides of the valleys of tiie small 
tributaries. For some time these minor terraces were extremely confus- 
ing in attempting to establish a method of discrimination between the 
more important terraces, but it was soon discovered that they were local 
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in deTelopmeot and not continuous, and after a large number of obser- 
vations had been compared throughout the Coastal Plain, it waa found 
that the great continuous terrace surfaces were those which have been 
now designated as the Lafayette, Sunderland, Wicomico, and Talbot for- 
mations. The minor terraces seem to be due to pauses in uplift and to 
the swing of the stream as it cut first on one bank and then on another. 

There are beside these abrupt rises low, gentle elevations which stand 
aboTe the general level of the plain. These may be due to a number of 
causes. They may indicate bars and spits, but certain of them doubtless 
represent outliers of the next older terrace which were not quite reduced 
to the general level of the surface when the water retired from that 
region. There are all gradations of these, from outliers which evidently 
had been reduced to about the level of the water to others which were so 
far eroded as to leave nothing but a gentle swale in the topqgraphy. 

The depressions are usually gentle and may be described as saucer- 
shaped. Many of them are undrained and are probably due to local set- 
tling since the deposition of the formation, or to unequal deposition of 
materials during its formation. 

The question may have arisen in the minds of some as to whether an- 
other explanation may not be suggested by the facta here described. May 
not these terraces have been cut by a river system on a stationary or a 
gently rising land surface and may not the plain which is ascribed to 
river, estuarine, and marine conditions have actually been formed as a 
flood plain of the river system? The question is a fair one and has re- 
ceived no little consideration from the author during the prosecution of 
his investigations. There are, however, three conditions opposed to this 
conclusion which may with propriety be given in this place ; First, the 
lack of an opposing bank to such a river system. As to the origin of the 
Lafayette surface, there seems to be but one opinion, namely, that it was 
deposited under marine or eetuarine conditions. If the Sunderland is 
taken to represent a terrace deposited by a river beneath the Lafayette, 
where is the opposing bank to such a river system? The Lafayette and 
Sunderland formations are absent on the Eastern Shore. This explana- 
tion, therefore, will not apply to the two oldest terraces. Will it explain 
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the others? In dealing with the Wicomico formation, the same objection 
is met with aa was confrontfid in trying to apply thia e.xptanation to the 
Sunderland. There is no opposing bank on the east to confine the river 
which is supposed to have built up the Wicomico terrace. It remaina 
then to apply the CTplanation to the Talbot terrace. This formation is 
deposited for the moat part between higher gioimd. Were these elevated 
borders river banks?* 

A flood plain of the dimensions of the Talbot terrace would require a 
long time for its formation. As the material which composes the sur- 
rounding Wicomico formation is soft, tributary streams which would 
enter the main river system would have had an opportunity to completely 
destroy the plain surface of thia terrace before that of the Talbot could 
have been developed to its present dimensions. In other words, an ad- 
vanced system of dendritic drainage would have been developed on the 
Wicomico surface. In the chapter on Physiography of the Kegion, the 
author was careful to explain that these various terraces were not dis- 
sected except along their margins. This is pari;icularly well shown on 
the Eastern Shore where the surface of the Wicomico formation is prac- 
tically undrained over large areas although the drainage lines arc more 
conspicuous along the borders. The time which must have elapsed in 
order to have the Talbot terrace below formed as a flood plain of a river 
system would have been sufficient to completely drain and in a large 
measure destroy the surface of the Wicomico formation. This has not 
been accomplished. It is, therefore, believed that an estuary existed dur- 
ing Talbot time and that the waves which beat along the shore of this 
estuary kept the streams cut back at their mouths, and although a den- 
dritic type of drainage started to develop, it had apparently not pro- 
ceeded far because of the constant shortening of the river valleys. An- 
other argument against the flood plain hypothesis is that sufficient time 
would have elapsed to have permitted the complete destruction of the 
scarp-line by subaerial erosion. With the advance of the dendritic drain- 
age systems, the scarp-line would have blended with the terrace beneath. 

'Typical marine Pleistocene terraces containing marine Invertebrate fossils 
nre extensively developed on the coast of Greenland. They are described and 
Illustrated by White A Schuchert. Bull. Geol. Soc. Amer., vol. Ix, p. 348, 1898. 
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This has not taken place. The Talbot-Wicomico scarp is the most coa- 
spicuoua topographic feature of the Eastern Shore, 

Another explanation which may be offered ia, that these various terraces 
were cat in the underlying Tertiary formations during pauses in tho 
uplift of the region and then carried beneath water-level by a subsidence 
to receive the load of loam, sand, and gravel. In reply to this suggestion 
it may be said that terraccB cut during an uplift in the loose deposits of 
the Tertiary formation would surely be destroyed during a period of 
ordinary subsidence. Unless this subsidence was a remarkably rapid one, 
the waves of the advancing sea would completely obliterate these various 
terraces, and leave the surface in the form of a plain to receive the sedi- 
ment of the snrficial formations. It may be remarked here that the 
Coastal Plain has been several times elevated and depressed and wherever 
the unconformable contact is seen between two formations, it is found 
to be a plain and not a series of terraces. Granting, however, that the 
subsidence which carried down this terrace was eitremely rapid, the sub- 
sequent deposition would have filled up the angles between the scarp and 
the subjacent plain as a snow storm fills up the irregularities on the 
ground. In place of having a veneer of gravel covering the irregulari- 
ties there would be produced a plain surface in which no terraces would 
appear. More than this, the reentrants which penetrate the surfaces of 
the various terraces would also be filled solid with material and would not 
present as they do now, flat valley floors continuous with the surface of 
the main body of the formations without. Another objection to this 
theory is that the formations do not lap down over these terraces, but each 
one is cut off distinctly by tiie scarp. Subsequent erosion has occasion- 
ally filled up the slopes at the foot of this escarpment with talus derived 
from the gravels above, but where this is absent, it is seen that the gravel 
which caps the top of an escarpment is diiitinct from that which occurs 
at the base. 

GEOLOoiavi. History. 

If the methods of interpretation of the various formations have been 
well founded, tiie salient features of the geological history may be estab- 
lished with some degree of confidence. 
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At tlie close of the Miocene period a great part of the Coastal Plain 
aud the adjacent borders of the Piedmont Plateau were lifted above the 
ocean to form land. The full extent of this uplift is not deHnitely 
known, but it is certain that the sea retreated eastward considerably be- 
yond iia present shore line. Stream erosion at once began to attack this 
new land area and to cut it down to base level where it remained for a 
long period until the crystalline rocks of the Piedmont Plateau were 
decayed to a great depth below the surface. The rocks of complex miner- 
alogical composition were reduced to quartz sand and a red clay, while 
tlie quartz veins were broken up and scattered as angular pebbles over 
the surface. When, at the beginning of the Lafayette period, this land 
mass was tilted so as to elevate the Piedmont region and to depress the 
Coastal Plain below ocean-level, the waters of the Lafayette sea advanced 
over the sinking surface and streams gorged with detritus from the de- 
cayed, uplifted Piedmont above rushed down to the sea and poured their 
contents into the ocean. Either the waves were weak or the sea advanced 
rapidly or this decayed material was discharged in enormous quantities, 
for the sea was unable to cope with the detritus poured into it and de- 
posited it unsorted on the bottom. 

The amount of this depression is not known, but it is certain that the 
land was submerged to at least 500 feet below its present altitude. In 
the absence of a scarp-line or of a well-defined beach deposit, it is impos- 
sible to locate the position of the Lafayette shore. 

In the accompanying diagram (Plate XXVII) an attempt has been 
made to reproduce in a general way the old Lafayette shore line. This 
map, however, should be considered as extremely hypothetical. The alti- 
tude of 500 feet or a little more has been assnmed as approximately coin- 
cident with the shore line of the old Lafayette sea. This contour has 
been followed around the elevationa of Maryland, and all depressions be- 
neath it regarded as submerged, while elevations rising above are repre- 
sented as dry land areas during Lafayette time. It has not been practi- 
cable to make allowances for possible deformations which may have taken 
place since Lafayette time for the reason that these movements are not 
sufficiently understood at present. The valleys in western Maryland then 
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which fall below 500 feet are represented ae if tiiey were fjords of the 
Lafayette sea. It will be noticed that the gravel deposits near Freder- 
ick, if they belong to the Lafayette formation, are the only recognized 
remnants in western Maryland. All the other materials which must have 
been deposited in the Appalachian valleys, if the geography was approxi- 
mately OB represented, appear to have since been removed by erosion. If 
the shore line of the Lafayette sea stood at approximately 500 feet, it falls 
into line with what we know regarding the altitude of the deposits in the 
eastern part of the State and is in harmony with the gravel-covered ter- 
races lying against Bull Mountain at the height of 600 feet in Yirginia, 
described by Keith in his " Geology of the Catoctin Belt." 

It has been shown elsewhere by Dr. Cleveland Abbe, Jr.,"* that the rivers 
of the Piedmont Plateau are superimposed. It is possible that these un- 
adjusted courses so common near Baltimore were conditioned by the aur- 
ficial cover of Lafayette. After the deposition of the Lafayette forma- 
tion, the land was raised above ocean-level Eisd subjected to an interval 
of erosion which was probably of longer duration than the later ones 
which separated the other surficial deposits of the series. The salient 
features of the Coastal Plain topography were outlined at this time 
although it is doubtful if they received their full strength or final touches 
before the post^Talbot uplift. It is evident that the valleys of the Po- 
tomac, Patusent, and other large rivers as well as that of Chesapeake 
Bay existed, since the Sunderland formation, which was deposited when 
this topography was submerged, slopes toward all these depressions. But 
it is not probable that these gorges were cut aa deeply as they are now for 
the Sunderland formation nowhere shows a tendency to develop a thick- 
ness auificient to fill such a valley. It rather gives tlie impression of a 
thin deposit which veneered wide, shallow depressions. The anomalous 
course pursaed by the Susquehanna after leaving the Piedmont, in turn- 
ing south along the western margin of the Coastal Plain instead of con- 
tinuing a direct course to the ocean, has arrested the attention of many 
geologists who have worked -in this region. McGee thought this curious 

" A General Report on the Physlograpbr of Maryland. Cleveland Abbe. Jr. 
Md. Weather Service, vol. 1, pp. 37-216, 189S. 
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feature was to be explained by deformation along the " fall linsj" but 
DartoQ bas suggested a more probable cause. He believed that a subma- 
rine bar waa built by the Lafayette approximately in the position now oc- 
cupied by the Eastern Shore, and that a depressi<Hi existed between this 
bar and the main land. When the post^Lafayette uplift took place, this 
depression was changed to a slough and down this trough the Susque- 
hanna found its way. A similar state of affairs now exists ofC the coast 
of the Carolinas where a great barrier beach cuts off the rivers from 
direct contact with the ocean. If this coast were to be lifted, Boanoke 
river would be deflected southward along the coast and follow the de- 
pression of Albemarle and Croatan sounds until a convenient opening 
could be found through the obstruction to the ocean beyond. It is prob- 
able that the channel of Chesapeake Bay was not bo pronounced during 
die post-Lafayette uplift as later when the subsequent formations had an 
opportunity to widen and lengthen this barrier first outlined by the 
Lafayette sea. 

This interval of erosion was brought to a close when the land sank 
once more beneath sea-level and permitted the Atlantic ocean to encroacli 
on the valleys which had just been cut and transform them inta estuaries. 
It will be interesting to reproduce as far as possible the appearance ot 
the Coastal Plain during Sunderland time. As far as is known, no Lafay- 
ette occurs on the Eastern Shore. The formation which caps the divide 
is Wicomico. This does not prove, however, that there was none at the 
opening of the Sunderland period for it is probable that erosion, which 
had not succeeded in carrying it all away from the Western Shore, had 
been equally unsuccessful in stripping it entirely from the Eastern Shore. 
If there were remnants of it, or of the underlying Miocene, in that region, 
the Sunderland sea transformed the lower valley 6f the Susquehanna 
river into an early Chesapeake Bay. With the advance of the Sunderland 
sea, the waves continued the destruction of the Lafayette until toward 
the close of Sunderland time all traces of it had been carried away from 
the Eastern Shore, Chesapeake Bay disappeared, and nothing remained 
to mark the presence of a former land mass over this region except Gray's 
Hill and the high Lafayette-capped hilltops of Elk Neck which rose 
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above the smTounding sea aa islauds. Along the Western Shore the 
Sunderland advanced Et«adilj up the larger river valleys which had beert 
cut in the Lafajette and converted them into estuaries. Aa the land 
continued to sink, waves encroached on the divides. They removed ont- 
liera, cut away the lower courses of drainage ways and diminished consid- 
erably the aroas of Lafayette which had survived the previous epoch of 
stream erosion. 

The presence of the Sunderland sea cliff which has been preserved in 
many localities renders the platting of this old shore line much more 
satisfactory than that of the I^fayette sea. I>uring the maximum subsi- 
dence the region stood about 220 feet helow its present altitude and the 
Sunderland sea advanced to approximately the position represented in 
Plate XXVIII. At this time the coast of Maryland had much the ap- 
pearance of the present shores of Rhode Island and Connecticut. From 
New Jersey southward to Washington, the sea broke on the rugged rocky 
coast of the Piedmont Plateau. From the site of Washington to that of 
Charlotte Hall a long peninsula ran out into the ocean separating the 
Patnxent and Potomac estuaries. The stream guilliea in this headland 
of Lafayette were drowned and its shore line was irregular and diversified 
with outliers like that of the Eastern Shore to-day. In this region the 
waves apparently broke some distance from the shore and rolled in with 
diminishing force over a long flat to the base of the low scarp at Charlotte 
Hall. To the northeast Marriott Hill stood out as an island while off 
the mouth of the Susquehanna river, which at that time resembled the 
Hudson, the highest points of Elk Neck and Gray's Hill resemble the 
island clusters which now form so striking a feature in Wew York harbor. 

In regard to the climate it may be said that the genial warmth of the 
Pliocene period had come to an end. The huge continental ice-sheet had 
crept down from the north and terminated not far distant in the high- 
lands of New Jersey and Pennsylvania- Ice floes drifted down the rivers, 
loaded with boulders and silt from the Piedmont Plateau and the Appa- 
lachian Mountains beyond, and on melting, scattered this dSbris along 
the shore line and over the sea bottom. Of the animal life in Maryland 
at this time nothing very definite is known, but fossil evidence has shown 
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that cypress, pine, beech, gum, locust, alder, huckleberry, sycamore, elm, 
oak, hickory, and poplar were among the trees which composed the 
forests. 

The Sunderland epoch was brought to a close by the elevation of the 
region once more and the retreat of the Sunderland aea. The estuaries 
gave place to riverB with rapid currenta which extended their head waters 
inland, sent tribataries back on to the divides, and began to rapidly tear 
away the materials which the Sunderland sea had but a short time before 
deposited. This epoch of uplift and erosion was not of such long dura- 
tion as that which followed the Lafayette deposition. It was brought to 
a close by the region sinking once more beneath the ocean and permitting 
the Wicomico sea to advance as the Sunderland sea had done previonsly. 
The various scenes enacted during this period were similar to those which 
took place during the advance of the Sunderland sea, Chesapeake Bay, 
which at first was separated from the ocean by an Eastern Shore barrier, 
later on disappeared by the destruction and subsidence of this land mass 
and the ocean broke once more unimpeded on the Western Shore. In the 
northern part of this region as far south as the site of Baltimore, the 
Wicomico sea broke near the base of the Piedmont, but south of this 
point a great peninsula, covering the territory now occupied by Anne 
Arundel, Calvert, Prince George's, Charles, and St. Mary's counties, par- 
ried the Coastal Plain well out toward the southeast and about the border 
and up tlie valleys of this peninsula, the waves of the Wicomico sea broke 
and cut away the borders of the Sunderland formation and widened the 
valleys. Grays Hill still stood out as an island in the Wicomico sea, but 
Elk Neck ap])eared as a peninsula. The climatic conditions were similar 
to those which held during Sunderland time and ice floes again drifted 
down the rivers and scattered their contents of boulders and silt over the 
sea bottom. Tlie appearance of the region at this time is approximately 
represented in Plate XXIX, where it will be seen that the depression of 
the Coastal Plain did not much exceed 100 feet beneath the present stand 
of the land. 

The Wicomico epoch was brought to a close by the elevation of the 
region once more above water-level. The erosion which accompanied this 
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Uplift was not apparently of long duration, and when the land sank once 
more and admitted the Talbot sea, the depression did not much exceed 
45 or SO feet. This subsidence was not sufficient to submerge the Eastern 
Shore through ite entire extent and the epoch was not of sufficient dura- 
tion to permit the waves of the Talbot sea to cut away the Wicomico 
which formed the surface of that land msss, so the Eastern Shore re- 
mained as a barrier throughout Talbot time and separated the waters of 
Chesapeake Bay from those of the ocean beyond. The appearance of the 
Coastal Plain in Talbot time is approximately represented in Plate XXX, 
and resembled very much the appearance of the region at the present time. 
Once more the lower courses of the larger rivecs were transformed into 
estuaries and the ice floes came down again from the mountain valleys 
with their freight of boulders. Here mastodons roamed about the re- 
gion and their bones have been entombed in its swamp deposits along 
with the remains of the forest in which they lived. 

These deposits which were described above, whether they carry plant 
or animal remains, have certain characteristics in common. They are all 
developed as lenses in the body of the Talbot formation. Usually the 
contact of the clay with the older formations is not visible, but its strati- 
graphic relations are such as to leave no doubt that it, or a thin gravel 
bed on which it occasionally rests, is unconformable on whatever lied be- 
neath. The upper surface of these clay lenses is everywhere abruptly 
terminated by a bed of coarse sand or gravel which grades upwards into 
loam and this cover at its contact with the clay strongly suggests an 
unconformity. 

The stratigraphic relation of these lenses of clay, which are invariably 
unconformable on the underlying formation and apparently so with the 
overlying sand and loams belonging to the Talbot formation, is a problem 
which engaged the attention of the author until it appeared that the ap- 
parent unconformity with the Talbot, although in a sense real, does not, 
however, represent an appreciable lapse of time and that, consequently, 
the ciny lenses are actually a part of that formation. In order to under- 
stand more clearly what is believed to have taken place, these clay depos- 
its will be divided into two groups, those which carry plant remains con- 
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stituting oQe, and those containing marine and brackiBh-water foesils 
the other. 

In brief, the clays carrying plant remains are regarded as lagoon de- 
posits raade in ponded stream channels and gradually buried beneath 
the advancing beach of the Talbot sea. The clays carrying marine sad 
braeMsh-water organisms are belicTed to have been at first off-shore 
deposits made in moderately deep water and later brackish-water deposits 




6. — Diagram showing pre-Talbot valley. 



formed behind a barrier beach and gradually buried by the advance of 
that beach toward the land. Taking np the first class of deposits in more 
detail, they are interpreted in the following manner: 

During the erosion interval which immediately preceded the deposition 
of the Talbot formation, many streams cut moderately deep channels in 
the land surface which, when the region began to sink again at the open- 
ing of Talbot time, were gradually transformed into estuaries (Pig- 6). 
Across the mouths of the smaller of these drowned valleys the shore eur- 
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Fig. I. — VIEW showing calvebt cliffs on Chesapeake bay. 
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Tents of the Talbot sea rapidly built bars and beaches which ponded the 
waters behind and transformed them from brackish-water estuaries to 
fresh'water lagoons. These lagoons were gradually changed into marches 
and meadows bj the deposition of detritus brought in from the eurronnd- 
ing region and on this new land surface various kinds of vegetation took 
up their abode (Fig. 7). At first the beach sands advanced in the lagoon 




Fia. 7. — Diagram allowing advancing Taltiot etiore-llne and ponded stream. 

and filled up completelj that portion of the submerged trough which lay 
immediately beneath them, but later as the lagoon was silted in more and 
more with mud derived from the surrounding basin, the advancing beach 
came to rest on this lagoon deposit a£ a foundation and arrived at length 
at the point where the lagoon had been filled up to the level of wave base 
or higher. When this place was reached, another pro;?cs3 was added to 
that of the beach advance. Heretofore the waves and wind had been 
simply pushing forward material over the advancing front, but now that 



dbyGoogle 



130 



THE PLIOCENE AND PLEISTOCENE DEPOSITS OP MARYLAND 



the mud deposit in the lagoon had actually reached the level of wave 
work and had transformed the lagoon from a pond to a marsh or meadow, 
the breakers attacked the upper portion of the lagoon deposit and denuded 
it down to the level of wave base as rapidly as they could reach it from 
under the superficial veneer of the beach sands. Cypress, ferns, sedges, 
and other vegetation which had taken up their abode in the marsh would 
be overwhelmed with detritus by the advancing beach and a little later 
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Pia. 8. — Diagram showing later stage In advance of Talbot sbore-llne. 

would be destroyed by the breakers. In this way all traces of life most 
have been removed from the deposit except such as happened to occupy a 
position lower than wave base. One, therefore, finds preserved in the 
clay water-logged trunks and leaves, nuts, etc., and roots of huge trees 
like the cypress which would tend to sink by their great weight furtiier 
and further down into the soft mud as the trees increased in size. The 
areas over which the waves had removed the upper portions of the lagoon 
deposit can be determined not only by the presence of truncated stumps 
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but also by the character of the contact itself (Plate XVI, Fig. 1, and 
Plate XVII). At this line there is a sharp division between the clay 
and the overlying Band and gravel while the area over which the beach 
advanced without cutting would be indicated by a partial mingling of the 
beach material with lagoou mud. 

A still later stage in the process is illustrated in Figure 8, which rep- 
resents a stage where the waves have so far advanced as to largely destroy 
the original stream channel. A small portion of the old swamp Btill 
exists at the head of the valley, but its lower portions have long since been 
submerged and either destroyed or covered over by the advancing beach. 
(Plate XXI, Fig. 2.) The transverse section illustrates what is left of 
the lagoon deposits of nmd carrying truncated stumps of cypress and 




Fio. 9. — Ideal section showing advance of Taltrat ehore-Itne. 

other trees which happened to be buried deep enough to escape the de- 
structive powers of the breakers. The broken line indicates the border 
of the clay lens. Figure 9 is a section through the same region made at 
right angles to the one just described. At D the breakers are forcing 
forward the beach upon the meadow. Just off from the beach the waves 
have swept away the sand and are eroding on the lagoon deposit which 
reached out to them under the beach veneer. At C the waves have suc- 
ceeded in cutting down the lagoon deposit to wave base and have left 
behind a thin veneer of sand and gravel as the sinking land carries it 
down below the reach of tlie waves. At B the lagoon deposit was not 
thick enough to reach the zone of wave erosion and simply grades up into 
a thick deposit of sand and loam which passes outward toward A. 

The second categorj- of clay lenses, namely, those carrying marine and 
brackish-water organisms arc believed to have been formed in a somewhat 
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differeot maimer (Plate XVIII). The lower portion catrj'iiig the mariDe 
organisms points to salt-water conditiona and contains remains of sea 
animals which live to-day along the Atlantic coast. At the time when 
this deposit was formed, then, the ocean waters had free access to the 
region and the blue mud in which they are now imbedded and in which 
they lived was a quiet-water deposit laid down some distance from the 
land. Later, however, it would appear that a barrier beach was con- 
structed shutting off a portion of the sea bed which had formerly been 
occupied by marine animals and gradually allowing it to be transformed 
from salt-water conditiona to those of brackish water. In this brackish- 
water lagoon the fauna changed to that found along our estuaries to-day 
and huge oysters flourished and left behind them a deposit of shell rock. 
With the bar advancing landward this lagoon was gradually filled up with 
sand and gravel and finally obliterated. 

The upper unconformity, then, in the case of the fresh-water and the 
brackish -water lagoons is real only in the sense that an unconformity in 
a cross-bedded wave and delta deposit is real. There is, it is true, a lack 
of harmony in the position of the beds and a sharp break is indicated, 
but there is no indication of an appreciable time lapse between the clay 
and the oyster bed on the one hand and the overlying sands and gravel 
on the other, and the sea which eroded the clay to a fixed level imme- 
diately afterward overspread the surface of the same with a veneer of 
beach sand. There is, therefore, no time break indicated by this uncon- 
formity and the lenses of swamp clay, as well as those carrying marine 
and brackish-water organisms, are to be looked upon not as records of 
elevation and subaerial erosion, but as entombed lagoon deposits made in 
an advancing sea and contemporaneous with the other portions of the 
formation in whose body they are found. 

The hypothesis here advanced is based on and reinforced by many ob- 
servations along the present shores of the Atlantic ocean, the Chesapeake 
Bay, and its estuaries. Each sf«p in the process described is here illus- 
trated and some of them are met with again and again. 

As one passes along the shores of Chesapeake Bay and of the rivers 
which flow into it, stream channels are continually met which have 
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aTTiTed at more or less advanced stages in the above-mentioned process. 
Some are in part converted into lagoons by bars built across their moutha, 
others show partial filling by mud washed in from the surrounding coun- 
try, and still others have reached the advanced stage of svamps or 
meadows in which various types of vegetation are flourishing ( Plate XX) . 
In Virginia, in addition to the usual undergrowth which is found in wet 
places, the cypress has taken up its abode in these bogs and has converted 
some of them into cypress swamps. For great stretches along the shore 
the advance of the sea is indicated by well-washed cliflfs, while in other 
places the waves are found devouring beds of clay which are situated im- 
mediately in front of lagoon swamps and separated therefrom by nothing 
but a low superficial beach. These clay beds invariably lie at and below 
water-level, are very young in age and evidently pass directly under the 
beach to connect with the lagoon clay beyond. This interpretation is 
made the more certain by the presence of roots in the wave-swept clays 
which but a short time before belonged to living plants identical with 
those now flourishing behind the beach and point to a time not far dis- 
tant when they also were a part of the lagoon swamp behind a beach and 
situated a little farther seaward. At Chesapeake Beach, in Calvert 
county, a ditch has been cut through one of these beaches which shows 
a continuous deposit of clay from a lagoon swamp out under the beach to 
the Bay beyond. The waves are thus caught in the act of eroding the 
upper portion of the lagoon deposit. 

From a large body of data gained throughout a wide area, it is evident 
that the erosion which occurred during the interval between the elevation 
of the Talbot terrace and the present subsidence of the coast was sufB- 
cient to permit streams to cut moderately deep valleys in the former. It 
would then appear that as the region was gradually lowered again be- 
neath the present Mean the upper portions of the stream channel in time 
passed below wave base and whatever has collected in them since that 
period will be preserved beneath the advancing sea as a more or less fossil- 
iferous clay lens apparently unconformable beneath beach debris. 

The barrier beaches which exist at intervals along the Atlantic coast 
of New Jersey, Delaware, Maryland, Virginia, and southward show us 
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how portions of the ocean bed, which were formerly bathed by s^t water 
and Bustained a marine fauna, are now converted to la,goons behind bar- 
rier beaches and have paased over in varying degrees to brackish-water 
conditionfi bearing estuarine f aimae. 

Another elevation of the region brought the Talbot epoch to a close. 
During the erosion which followed, the Coastal Plain received its final 
touches to the topography which it now exhibits. Water ways which had 
been deepened through each successive uplift were now cut still deeper. 
The ocean retreated across the continental shelf to a point far beyond 
the present shore line and the Susquehanna river received aa tributaries 
the streams from both banks aijd flowed the length of Chesapeake Bay 
out through the Capes to the Atlantic ocean beyond (Plate XXXI). 
Active erosion began once more, but before it had proceeded far, the re- 
gion sank to its present position, the sea took possession of the lower 
Susquehanna valley and transformed it to the Chesapeake Bay and its 
ratuaries, imparting to the region its present aspect When this down- 
ward movement will cease or how extensive will be the changes which it 
is destined to produce, no one can say. It is only known that this ie 
the latest of a long series of oscillations and that the region still appears 
to be sinking. 

A few words may be added regarding the succesaive uplifts and de- 
pressions which have taken place in the Coastal Plain from loafayetts 
down to Recent time. A much simpler explanation would doubtless be 
afforded by concluding that these various terraces were deposited during 
pauses in one general uplift. There are certain facts, however, which 
show that such a simple explanation is impossible. These have all been 
presented above, but may be briefly summarized here. 

First. With the exception of the Iiafayette, the surface of each of the 
terrace formations is found to extend up valley reentrants which pene- 
trate the body of the terrace next above. Examination has shown that 
this surface is not due to sedimentation without the valley and to cut- 
ting within, but to sedimentation outside and inside as weU. In other 
words, the building of the terraces beneath the scarp was accompanied by 
the filling of valleys within the body of the formation. Had there been 
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a simple uplift and panae, the terrace outside would have been formed, 
but the valleys would have been cut to the level of the terrace, and rivers 
swinging iu these drainage ways would have widened them, opening up 
a flood plain. Examination shows, however, that these valleys were 
deeper before tiie terrace outside was formed and then filled with many 
feet of sediments which are contiouoos with the depositing of the terrace 
along the border of the formation. It is, therefore, clear that the land 
must have stood at a higher elevation when tiiese valleys were cut and 
must ha^e been depressed and the drainage ways drowned, like the pres- 
ent estuaries of Chesapeake Bay, in order to receive these sediments. 

Second. The deep valleys of the principal rivers, taken in connection 
with the gentle sloping of each terrace towards their axes and the small 
thickness which each one of the surficial formations lias developed in 
these basins shows that the principal valleys in the Coastal Plain could 
not have been cut to their present deptii during the post-Lafayette uplift 
alone. Otherwise the Sunderland formation would have either devel- 
oped a much greater thickness in these drainage ways or else have sloped 
toward their axes at a very much greater angle. It is then evident that 
the post- Lafayette erosion only partially excavated the valleys now occu- 
pied by the more prominent streams of the region, and that they have 
been deepened during successive uplifts. What ie true of the Lafayette- 
Sunderland relations is also true of all the others. Neither the Wicomico 
nor the Talbot terraces have developed any great thickness in these main 
drainage ways and each one slopes gently toward the eatuaries. 

Third, Each one of the terrace formations has re-worked and re- 
deposited over extensive areas great portions of the underlying Tertiary 
and Cretaceous deposits, and wherever this occurs, they are found to lie 
directly on the eroded surfaces of these beds. This shows that the older 
formations were at no time covered with a thick deposit of sand and 
gravel, and that the seas which deposited these various terrace forma- 
tions advanced over a region already stripped in large measure of the 
deposit laid down by the preceding incursiop. Had there been bnt one 
period of uplift and erosion during post-Lafayette time, the Sunderland 
formation would have covered the surrounding country with a thick 
mantle of debris and the succeeding formations would have been depos- 
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ited BUGcessiTelj on each other. There is no evidence that this has taken 
place. The field relations show, on the contrary, that tiie surface was in 
a great measure stripped of one formation before the next was deposited. 
In the vicinity of Annapolis indurated portions of the Eocene sub- 
stratnm have been fonnd penetrating the surficial cover of Pleistocene 
materials, their upper surfaces planed oS level with the general surface 
of the terrace. In the locality here mentioned, the lithologic distinction 
between the Eocene and Pleistocene materials is so marked that there is 
no difficulty in distinguishing between the two and determining their 
relation. It is probable that tiie same rdstion may exist in otiier places 
between the underlying beds and the overlying Pleistocene deposits, but 
the discrimination being less easily made, the presence of such localities 
has not been distinguished. 

Throughout the southern half of St. Marys county, eepeciaUy in the 
vicinity of Bidge, the inner margins of the three lower terracea do not 
have the same elevations as elsewhere in Maryland. The lowest rises 
from tide to a height of about 10 feet. It is here abruptly terminated 
by a scarp about 10 feet high. The next terrace slopes from the top of 
this scarp to a height of about 45 feet. At this point the second scarp 
rises, near Bidge, to join the terrace above at a height of about 60 feet. 
Although there is this difference in elevation between the three lower 
terraces in the southern half of St. Mary's county, and the same terraces 
in regions to the north and west, yet the transition from one r^on to the 
other is not abrupt but gradual, and one may trace them as they gently 
rise from Point Lookout to the surrounding regions. It would appear, 
then, that there has been a slight tilting of the surface in the vicinity of 
Point Lookout. Future inveetigatione may of course show, when these 
various terraces have been traced southward through Virginia, that the 
interpretation just given is not the correct one. 

SUMUABT. 

In this monograph it has been shown that the aurficial deposits of 
Maryland are the last of a long series of unconsolidated beds which b^in 
to be deposited in Lower Cretaceous and possibly Jurassic time and 
have continued on with interruptions down to the present. These de- 
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Fig. 2.— view showing i nter-talbot scarp, near spence. Worcester cocn' 
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posits are composed of cUj, peat, sand, greensand, marl, giaTel, iron ores, 
and ioe-borne boulders. The topography of the region shows that the sur- 
face of the Coastal Plain is made np of five distinct systems of terraces, 
the oldest lying at the top and the others lying successively beneath in the 
order of their age. The fifth terrace is now being built by the waves of 
the Atlantic ocean, the Chesapeake Bay, and estuaries. They are uncon- 
solidated except where locally oiide of iron, lime, silica, etc., has ce- 
mented the materials into thin ledges. The formations, beginning with 
the oldest, are known as the Lafayette, Snnderland, Wicomico, Talbot, 
and Recent, Each one of these formations corresponds to a distinct ter- 
race in the topography, the surface of the formation and the physiogra- 
phic feature of the terrace being one. It has been determined that the 
lAfayette lies nnconformably on older deposits and that a period of ero- 
sion separates each of the terrace formations. 

An epitome of the oscillations of the Coastal Plain through this time 
is as follows : 

Subsidence and deposition of the Lafayette formation. 

Elevation and erosion. 

Subsidence and deposition of the Sunderland formation. 

Elevation and erosion. 

Subsidence and deposition of the Wicomico formation. 

Elevation and erosion. 

Subsidence and deposition of the Talbot formation. 

Elevation and erosion. 

Partial subsidence and deposition of the Becent terrace. 

Comparisons ahow that the classification adopted by the Maryland 
Geological Survey is in harmony with that employed by Darton in his 
latest work on the Coastal Plain, published in the Washington folio of 
the U. S. Geological Survey, although somewhat at variance with his in- 
terpretation of the formations in southern Maryland. Comparisons with 
the work of Salisbury in New Jersey show lack of harmony throughout. 
Finally a study of the Coastal Plain deposits from the bottom to the top 
ahowB that the Atlantic seaboard has been repeatedly elevated when loaded 
and depressed when lightened. It would seem that some other theory 
than that of isostasy must be proposed to account for these movements. 
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MAP SHOWINQ APPROXIMATE POSITION OF SHORE LINE DURINO THE 
TALBOT UPLIFT, TOGETHER WITH THE DRAINAGE OF THE REGION 
IN THE VICINITY OF CHESAPEAKE AND DELAWARE BAYS 
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THE INTERPRETATION OF THE PALEONTO- 
LOGICAL CRITERIA 

BY 
Wm. Bullock Clark, Arthur Hollick and Frederic A. Lucas 

THE PLEISTOCENE FAUNA 



Wm. Bullock Clark 

The basis of correl&tioD of the eeyeral f ormatioDs of the Alaryland re- 
gion with thoee of other areas on pliTsical grounds has been fully dis- 
cnssed in the earlier pages of this monograph and does not need to be 
restated here. The evidence from the fossils, as far as available, bears 
out the conclusions there obtained. Unfortunatelj the number of locali- 
ties at vhich plant and animal remains occur is not large, although they 
are fairly well distributed. The fossils collected come entirely from 
the Pleistocene. None have been found in the Pliocene of Maryland. 

Locai Interpretation. 
Fossil plants have been found in all three of the formations of the 
Pleistocene, although well defined remains have been found only in the 
Talbot and Sunderland, while the animal remains are confined to the 
latest OT Talbot formation. It is significant, however, that the animal re- 
mains of distinctly marine origin occur at widely scattered points, and 
far from the region of marine sedimentation of the present day. The 
highly fossiliferous localities at Wailes Bluff near Cornfield Harbor at the 
mouth of the Potomac river, and at Federalsburg on the Nanjemoy river 
near the center of the Eastern Shore of Maryland are highly typical il- 
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lustrations since the marine forms of these two localities indicate very 
different conditions from those now existing in the neighboring estuaries. 
An even more strildiig locality containing marine fossils, although they 
are not as numerous, is found in the valley of the Fatapsco river near 
Baltimore, not far from the ancient shore-line of the Talbot sea, and well 
up the present estnary of the Chesapeake Bay, where the water is now 
nearly fresh. That the greater part of this great area was covered in 
Talbot time by much more highly marine waters is therefore clearly ap- 
parent. 

In addition to the purely marine forms there are others of fresh-water 
habitat, which evidently lived in ponded estuaries near the close of Tal- 
bot time. Such are found at Bodkin Point near the moutfa of the Fa- 
tapsco river, where beds of dark-colored Talbot clay bear numerous casts 
of indeterminable Unioe similar in character to those found at the 
famous Fish House locality in Kew Jersey, which Dr. Shattuck, on 
physical grounds, has already correlated with the Talbot formation. 

The few land vertebrates found in the Talbot formation, although in- 
teresting from the standpoint of their general geographical distribution, 
are of little aid in the interpretation of the local deposits. The localities 
are so few in number and furthra-more the forms have been entombed 
under such exceptional conditions as to raise some question regarding 
their exact age, although they could not have antedated Talbot time and 
may well have been of very late or even poet Talbot age. 

The plants have been found at a number of localities in southern Mary- 
land, a considerable assemblage of forms having been collected from both 
the Sunderland and Talbot formations. As all of the Pleistocene forms 
present so strong a modern aspect, being for the most part of living 
species, they are of little aid in differentiating the Pleistocene into its 
several divisions. It is evident that the formations so clearly marked 
physically, represent relatively short time intervals when compared with 
the Tertiary epochs which preceded them. Even the latter, which on 
physical grounds afford evidence of much greater duration, contain great 
numbers of forms in common, some of which are even found living to-day. 



Digitized byGOOgIC 



&IAHYLAKD OEOLOOICAL 8UBVEY 141 

CORRELATION WITH MORE DISTAITT AREAS. 

The marine fauna of the Maryland Pleistocene is found largely repre- 
sented at a number of localities along the Atlantic border from Massa- 
chusett* to South Carolina, while identical forms likewise appear in the 
Florida and Gulf coast Pleiatocene, which must of necessity from its more 
soutliern latitude show increasingly greater differences. The same change 
is apparent jn going northward. The purely southern forms gradually 
disappear and are replaced by those of boreal and arctic habitat. As the 
colder-water deposits of the glaciated region are reached the southern 
forms finally disappear altogether, and the fauna of this northern Pleis- 
tocene presents an entirely distinct facies. 

The Maryland Pleistocene from its central location naturally shows 
an intermingling of southern and northern species. Most of the forms 
found in Maryland also range as far south as South Carolina, although 
the latter area has many species of southern habitat not known in Mary- 
land. 

Most, if not all, of the localities in the Atlantic coast province, which 
have afforded these closely similar marine faunas, are from their geologi- 
cal and geographical position evidently of middle or late Pleistocene age. 
Many of them have been personally visited by the author and his asso- 
ciates and the relations of the deposits examined. In most instances, 
from New Jersey southward, the equivalency of the beds to the Talbot 
formation of Maryland has been clearly established. 

The map, Plate II, shows the distribution of the Pleistocene de- 
posits along the Atlantic and Gulf borders, No attempt has been made 
to divide them into their several formations since too few facts are at 
present available for this purpose. The examinations made at various 
.points along the coastal border show the wide distribution of physical 
and faunal conditions similar to those existing in Maryland. It is, there- 
fore, highly probable that the Maryland formations will be found through- 
out most if not all of the marine Pleistocene belt. 

The most northern marine Pleistocene locality which has afforded any 
considerable number of species in common with the Maryland area, is 
that at Point Shirley near Boston, the forms being largely those found 
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abundant in the waters south of Cape Cod. This locality was early vis- 
ited and deecribed by William Stimpson.' Packard' also mentions the 
same occurrence and refers to the fact that at " thia point the Acadian 
fauna seems to have merged into a more southern assemblage of animals." 
The fossils are a good deal water-worn and " occur in the upper part of 
the stratum of blue clay and pebbles which crop out from uuder the 
coarse drift." The species recognized at Point Shirley which likewise 
occur in the Maryland Pleistocene include the following: Nassa trivit- 
tata Say, Ilyanassa obsoleta (Say), Urosalpinx cinerevs (Say), Mya 
arenaria Linn6, Venvs ntercenaria Linn4, Aligena elevata (Stimpson), 
Ostrea virginica Gmelin. 

Another and even more interesting locality is that of Sankoty Head on 
the island of Nantucket which was early examined and described by 
Desor and Cabot.' An abstract of the article by Desor and Cabot was 
later printed by Packard.' A much fuller description of these deposits 
was given by Verrill in 1875.' Two distinct fossil if crous 
beds are described and the statement made that they " contain very dif- 
ferent assemblages of fossils and were deposited under very different 
circumstances i the lower bed contains such southern species as now in- 
habit the 11 arm, qniet waters of sheltered bays on the southern coast of 
New England and farther south; while the upper bed contains many 
northern species, many of them fragmentary and beach-wom, and all of 
them, with one unimportant CTception, the same species that are now 
found cast upon the outer beaches of Nantucket and Cape Cod by storms, 
and living in the colder outer waters, off the same coast." 

Later Merrill ' prepared a detailed section of the beds and gave a list 
of the fossils. Subsequently Cushman' discussed the significance of the 
faunas of the several bods and pointed out the fact that there are four 

' Proc. Boston Soc. Nat. Hist., vol. Iv, p. 9. 1851. 
'Memotra Boston Soc. Nat. Hist, vol. I, p. 251, 1S65. 
■Quart, Jour. Geol. Soc. London, vol. v, p. 340. 1849. 
'MemolrB Boston Soc. Nat. Hist,, vol. I. pp. 252, 253, 1866. 
•Amer. Jour. Scl.. 3d ser, vol. x, pp. 364-376. 187B. 
' N. T, Acad, Scl. Trans, vol. xv, pp. 10-16, 1896. 
' Amer. Geol., vol. xszlv, pp. 169-174, 1904. 
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main fossiliferous beds instead of two as earlier described, viz., Lower 
Shell bed, Serpula bed, Upper Shell bed and Fragment bed. The first 
and second, according to Cushman, show faunas of Bonthem relations, 
while the third and fourth show faunas of northern relations, a conclu- 
sion which largely substantiates the earlier views of Professor Verrill. 
The common forms of the lower beds are for the most part unusual in 
the upper beds, and of the twenty-six new forms introduced in the latter, 
twenty-four of them are southern. 

Still more recently Fuller ' has correlated the fossiliferous beds with 
deposits on the islands farther to the westward and has discuBaed their 
interglacial origin and stratigraphic relations. 

The following species common to the Maryland Pleistocene have been 
recognized in the early fauna of the lower beds at Sankoty Head: Bala- 
nus crenaius Brugni^re, Nassa trivUtata Say, Uyanassa ohsoleta 
(Say), Columbella (Astyris) lunala (Say), Eupleura caudata (Say), 
Urosalpinx dnereus (Say), Turbonilla (Pyrgiscus) interrupta (Totten), 
Crepidula fomicata (Linn6), Crepidula plana Say, Corbtila contracta 
(Say), Mya arenaria Linn^, Ensis directvs (Conrad), Cumingia telli- 
tioides (Conrad), Tellina tenera Say, Petricola pholadiformis Lamarck, 
Venus mercenaria Linne, MytUus (Hormomya) hamatus Say, OUrea 
virginica Gmelin, Area (Noetia) ponderosa Say, Area (Scapharca) trans- 
versa Say, Cliona sulplmrea. (Desor) Verrill. 

The late fauna of the upper bed has afforded the following species: 
Nassa trivUtata Say, Uyanassa ohsoleta (Say), Urosalpinx cinereus 
(Say), Odostomia impressa Say, Crepidula fomicaia (Linn^), Crepi- 
dula plana Say, Polynices (Ncverita) duplicatus (Say), Mya arenaria 
Unn6, Ensis direclm (Conrad), Macoma balthtca (Linn6), Venus m*-!^ 
cenaria Linne, Oslrea virginica Gmelin, Area (Scapharca) transversa 
Say. 

Farther to the south at Gardiner's Island, New York, and in the vi- 
cinity of Xcw York city a number of characteristic Pleistocene fossils 
have been found. Among the Maryland forms are*: Nassa trivillala 

' Bull. Qeol. Boc. Amer., vol. XTI, pp. 386-389, 1905. 

•Packard, Memoirs Boston Soc. Nat. HtaL, vol. 1, p. 261, 1866; Verrill. Amer. 
Jour Scl. 3d ser., vol. x, pp. 370-374, 1875. 
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Say, Columbella (Astyris) lunaia (Say), Uroaalpinx cinereua (Say), 
Turbonilla (Pyrgiscua) interrupta (Totten), Grepidvla fomicata 
(Limi4), Crepidula plana Say, Venus mercenaria Linn6, Ostrea virginica 
Gmelin, Area (Scapharca) transversa Say. 

In New Jersey there is an important Pleistocene foBsiliferous locality 
at Heislervllle in Cumberland county a few miles to the south of Port 
Elizabeth. Among the Maryland species collected at this place are Cal- 
linectes sapidua Eathbun, Tomatina cam^iculata (Say), Nassa trivit- 
tata Say, Jlyanassa obsoleta (Say), Columbella (Astyris) lunata 
(Say), Eupleura caudata (Say), Crepidvia fomicata (Linn^), Crepidvia 
plana Say, Corbvia contracia (Say), Mulinia lateralis (Say), Em%s 
directvs (Conrad), Veniis mercenaria Linn6, Ostrea virginica Gmelin, 
Area (Scapharca) transversa Say. Marine Pleistocene fossils have also 
been found at Cape May and Atlantic City, New Jersey. 

Marine Pleistocene deposite containing the more common forms of the 
Atlantic coast have been reported from North Carolina near tlie mouth of 
the Neiwe river, but no description of the locality or Hat of fossils is avail- 
able. At the mouth of the Cape Fear river, two miles above Southport, 
Pleistocene fossils bave been foond, among which the author has recog- 
nized Ilyanassa olsoleta (Say), Rangia cuneata (Gray), Venvs mer- 
cenairia lAnufi, Ostrea virginica Qmelin, and Area (Noetia) ponderosa 
Say. 

The best-known marine Pleistocene locality on the Atlantic coast is that 
at Simmons' Blttff, Wadmalaw Sound, South Carolina, the fauna of which 
has been so fully studied and described by Holmes ". This locality is 
discussed by Tuomey in his Report on the Geology of South Carolina 
published in 1848. The forms found at this locality similar to those in 
Maryland are: Balanus crenattis Brugui^re, Tomatina canalictdata 
(Say), Terebra dislocata (Say), Fulgvr canalindatum (LinnS), Fulgur 
carica (Gmelin), Kassa trivittata Say, Ilyanassa obsoleta (Say), Colum- 
bella (Astyris) lunata (Say), Eupleura caudata (Say), Urosalpinx ctn- 
ereus (Say), 8cala lineata (Say), Odostomia tmpressa Say, Turbonilla 

" PoBt-Plelocene Foeails of Soutb Carolina, GharlMton, 1S6S-18G0. 
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(Pyrgiscua) interrupta (Totten), CrepiduJa fornxcata {Linnfi) Polynices 

(Neverita) duplicaius (Saj), Bamea (ScoUna) costata (Liim4), Cor- 
bula contracta (Say), Mya arenaria Linn4, MuUnia lateralis (Say), 
Bangia cuneaia (Gray), Ensis du-ectus (Conrad), Cumtngia tellinoidea 
(Conrad), Macoma balthica (Lion^), Tagelui gibbus (Spengler), Pelri- 
cola pholadiformU Lamarck, Venus mercenaria Linn6, Ostrea virginica 
Gmelin, Area (Noetia) ponderosa Say, Area (Saipharca) transversa Say, 
Niicula proxima Say, Leda acuta (Conrad), Yoldia limatula (Say), 

There are other localities in South Carolina and Georgia at which ma- 
rine Pleistocene foBsils have been recognized, although the list is by no 
means aa extensive as that of Simmons SiuS. 

Dr. Dall hae described the Pleistocene marine deposits of North Creek 
near Osprey on Little Sarasota Bay, Manatee county, on the west coast of 
Florida which contain the following Maryland Pleistocene forms: 
Tomatina canaliculata (Say), Terebra dislocata (Say) Columbella (As- 
tyris) lunata (Say), Odostomia acutidens Dall, Crepidula plana Say, 
Polynices (Neverita) duplicaivs (Say), Mulinia lateralis (Say), Mor 
coma balthica (Linn^), Osirea virginica Gmelin, Area (Scapharca) 
transversa Say. 

An examination of the lists of forms which have been given for the 
various Pleistocene localities from Massachusetts to Florida shows the 
large number of identical species from each, and the strong probability 
that they are essentially contemporaneous. 

OEOLOOICAL BANQE OF SPECIES. 

The Pleistocene species of Maryland date back in some instances into 
the early Tertiary, although the great majority of forms made their first 
appearance in the late Miocene or Pliocene. The following table shows 
the range of the individual species from which it will be noted that one 
appears in the Eocene, five in the Oligocene, fifteen in the Miocene, thirty 
in the Pliocene. Of the remainder twelve are not known earlier than the 
Pleistocene. All are living to-day. 

Nearly all of the marine forms are found living at the present time off 
the coast of Maryland and Virginia, A striking exception is to be found 
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in Bangia cuneala (Gray) which is found only at the present time in 
the Gulf of Mexico from Alabama to Vera Cruz, Mexico. This species 
occurs in the Pliocene of the Carolinas and Florida and may have had a 
much more northern range during that period, living even to the north- 
ward of Maryland. lis occurrence, therefore, in the Maryland Pleisto- 
cene may really represent a stage of gradual restriction to more southern 
waters, Leda acuta (Conrad) is likewise a characteristic southern spe- 
cies, being common along the southern coast of the United States, 
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On the other hand, Macoma calcarea (Gmelin) and Aligena elevata 
(Stimpson) are distinctly northern forme, the former ranging from the 
Arctic regiona southward to Long Island Sound and the latter being 
chiefly confined to the coast between Cape Cod and New Jersey. 



THE PLEISTOCENE FLORA 



Arthur Hollick 

The fosaii plants described from the Pleistocene of Maryland were 
obtained from two series of deposits, each series r^reaenting a distinct 
geological horizon, different conditions of deposition and certain charac- 
teristics of location based on the existing topography. Only a few of 
the large Qnmber of localities examined furnished well-defined specimens 
capable of identification. The geological horizons, localities where plant 
remains were collected, and the nature of the deposits are shown in the 
following table : 

Formation. Locality. KatuTS of Deposits. 

' Near the headwaters of Island Creek, 

Calvert county BufI colored sandy 

clay. 

Point of Rocks, Calvert couaty Grayish sandy clay. 

Bodkin Point, Anne Arundel county Peat and coarse 

Evamp debris. 
Orove Point (Pond Neck), Cecil county. . Swamp debris and 
fine sandy silt. 

Grace Point, Baltimore county Swamp debris and 

fine sandy silt. 
. Tolly Point (Bay Ridge), Anne Arundel 

county Black organic sill, 

fine sand and 
clay. 

Drum Point, Calvert county Black organic silt, 

fine sand and 
day. 
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In the Sunderland formation tlie specimens consist entirely of leaf 
impressions in well-defined layers, apparently having been deposited in 
Btill waters, their inclusion in limited numbers being merely incidental in 
connection with the accumulation of inorganic sediments. In the Talbot 
formation, on the other hand, the specimens consist of more or less well 
preseired remains of leaves, seeds, fmita, twigs, branches, logs, and 
stumps, included in masses of vegetable debris or deposits of finely com- 
minuted vegetable matter, in which inorganic matter is present in rela- 
tively small amounts. The first indicates inorganic sediments laid down 
in quiet waters into which a few vegetable remains were accidentally car- 
ried. The second represents, very largely, the accumulation of vegetation 
in place, in swamps, lagoons, or estuaries, in which inorganic aediments 
were occasionally transported and deposited. The specimens from the 
Sunderland localities were comparatively easy to develop as the matrix 
usually split along the bedding planes containing the leaf impressions, 
but those from {be Talbot formation were secured by allowing the masses 
of peat or silt to disintegrate in pans of water, drying the skimmings 
and settlings and sifting through graduated sieves, after which the ma- 
terial was gont n/er witii a hand lens. Acknowledgment is due to Mr. 
F. H. Hillman, of the Seed Laboratory, IT. S. Department of Agricul- 
ture, for the determination of the smaller fmits and seeds. 



THE ELEPHANTS OF THE PLEISTOCENE 

BY 

Frederic A. Lucas 

Mammoth bones were depcribed as long ago as 1696 by a Bussian 
named Ludloll who gave them the Tartar name of " Mamatu," so-called 
by the Siberian peasants because they believed the bones to be those of 
a gigantic mole which perished when exposed to the light, the name sig- 
nifying " ground-dweller." No .one had ever seen one, but the tusks and 
bones were more or less common. Thus the inference was quite natural 
that the beast dwelt undOTground since it had never been seen above 
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ground. Blumeabach io 1799 pressed the commoii Siberian name into 
scientific use as Mammut, this was gallicized by Cuvier into " Mam- 
mouth," from which it is an easy transition lo our common name Mam- 
moth, which really does not refer to the great size of the beast after all, 
as many suppoee. 

Remains of the Mammoth, or Mastodon, have been found in both the 
Northern and Southern Hemispheres, particularly in the Northern, 
Elephant Point at the mouth of the Buckland river in Alaska being so- 
named from the quantities of mammoth bones which have accumulated 
there, being brought down from the interior in the river-ice. Siberia 
has long been noted for the abundance of its fossil elephants, several hav- 
ing been found with the frozen flesh still adhering to the bones, in the 
ice of that region. The specimen on exhibition in the Boyal Museum 
of Natural History at St. Petersburg was found intact and imbedded in 
the ice on the banks of the Lena river, the mounted skeleton showing 
patches of the hide still attached to the skull. 

Osbom has suggested that Africa was the original home of the ele- 
phant family from whence they migrated over the late Tertiary land- 
bridges across the Mediterranean sea into Europe, from thence into Asia 
and across the then dry channel of Bering straits info Alaska and the 
rest of North America, the Mastodon even penetrating far into South 
America. This theory has recently received confirmation in the discov- 
ery of ancestral forms by Beadnetl and Andrews in the middle (M(mitke- 
rium) and upper (Paiaeomastodon) Eocene of the Fayum region of 
Egypt. Forms showing a transition toward the more modem types have 
been discovered in the upper Tertiary of India and eastern Asia. 

The early elephants of North America from the Loup Fork beds were 
small in size, with short trunks, and possessed four comparatively short 
tusks, two above and two below, clearly indicating their origin from 
modified incisor teeth and suggestive of the front teeth of a rodent. 
The tusks of the upper jaw curve downward and show a band of enamel 
on their outer sides hinting of the time when this enamel insured a sharp 
edge to the tooth; which worked against its fellow in the lower jaw in 
cutting food. 



Digitized byGOOgle 



ICAKYLAIID QEOLOOICAL SURVEY 161 

Ab time passed the elephants increa^d greatly in size, the skull and 
jaws became comparatively much shortened, the teeth larger, fewer in 
number and with more complicated enamel folds, the trunk became 
longer, the lower tusks disappeared and the upper tusks increased greatly 
in length and curvature. 

The accompanying map shows the distribution of true elephants in 
North America and may be regarded as rather conservative. It is entirely 
probable that future discoveries will considerably extend the boundaries 
here assigned to the various species. On the other hand, it is to be un- 
derstood that specimens have not been found throughout the entire re- 
gion covered by the map, hut that the range has been extended in places 
by bridging over gaps where it is entirely probable specimens will yet be 
discovered. 

The map is based largely on specimens in the U. S. National Museum 
which were Mndly furnished by Sir. Bichard Rathbun, and com- 
prise teeth from very many and widely separated localities. These have 
been supplemented by material in the American Museum of Xatural His- 
tory and by the collections of the Maryland Geological Survey. It will 
be noted that there is a gap in the distribution of the mammoth in 
Alaska, and this, as stated by George M. Dawson, corresponds with a 
large glaciated area. Of course, the mammoth crossed, or went around 
this in some way, just where we shall undoubtedly know some time when 
this region shall have been more thoroughly studied by geologists. 

Some of the occurrences of Elephas soera to be entirely accidental, 
among these the tooth on Long Island in the eastern part of Hudson 
Bay, and on the Pribitof Islands are instances. In both cases it is quite 
probable that carcasses or portions of carcasses were carried thither by 
water or ice." The occurrence of the Pribilof specimens has been used 
as an argument to show that these islands and the adjacent marine 
plateau were above the sea when the mammoth crossed into Xorth 
America, but while this seems entirely correct as far as the elevation of 
the land is concerned, it is believed that the remains were carried to the 



*■ This applies particularly to the Hudson Bay specimen which lies for from 
any other recorded occurrence ot mammoth remains. 
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islands after the Bubsidence of the region. It may be of interest to record 
here that in a lava cave on St. Paul Island portions of mammoth teeth 
were found in company with teeth and bones of the polar bear, undoubt- 
edly having been placed there by man. 

From the great size of some teeth '* it is possible that the elephant of 
southern California may prove to be Elepkas imperator, if not ttiey are 
by far the largest teeth known of Elephas columbi. However, until more 
abundant and better material is available for study, points like this can- 
not be definitely settled. 

That early man was the contemporary of some of these fossil elephants 
at least in Europe, if not in this country as well, is conclusively shown, 
not only by the association of Hint implements with mammoth hones, 
but also by the artistic efforts of Palteolithic man himself who has left 
US characteristic sketches of the beast. These have been found on the 
walls of caves which contained human remains or implements, or they 
were graven on pieces of reindeer antler or on bits of the tusks them- 
selves. The accompanying plate is from a photograph of one of these 
ancient engravings made upon a fragment of a task and found at La 
Madelaine in France. Figure two on this plate is from a photograph of 
a painting by the late Charles Wilson Peale, of Baltimore, and shows a 
party of workmen engaged in digging out the remains of a mastodon 
under his direction, and probably represents the actual scene which is 
supposed to have been near Newburgh, N. Y. 

" The largest recorded tooth la that from Alameda, California, noted by Dr. 
E. O. Hovey, measuring 13 by IE Inches and weighing 21 pounds. 
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MAMMALIA. 

Order PROBOSCIDEA. 

Family ELEPHANTIDAE. 
At leaBt three species of elephantidB, using the term in its broadest 
sense to include mastodon, occur within the limits of the State of Mary- 
land; the weU-known American mastodon, Mammut americanum, the 
northern mammoth Elephas primigenius, and the southern or Columbian 
mammoth, Elephaa columbi. It is possible that a fourth species, Mammut 
obseurvs, ma; yet be detected within the State, but this appears to have 
been a southern form and like the ground sloths and glyptodons, an im- 
migrant from South America.' None of these species can be said to 
have been common within the State of Maryland, and it may be that 
the Potomac to the south and the mountains to the west deflected the 
course of distribution to the north and east just as still farther eastward 
the Catskills and the Hudson River stopped progress in that direction, 
and practically marked the eastern limit of the elephants in North 



Maryland is of interest as marking very nearly the eastern limit of the 
true elephants and the most northern limit of Elephas columhi on the 
Atlantic coast^ for while both species probably occur in New Jersey, yet 
our tangible evidence is at present based upon Maryland specimens. 

At Oxford Neck, on the Eastern Shore, examples of Elephas columbi 
and Elephas primigenius were found within a mile of one another, so 
that the overlapping of the range of these species on the Atlantic coast 
is as well marked as on the Pacific coast, where at Port Townsend, Wash- 
ington state, both species have been found almost side by side. 

' The Bo-callad Baltimore tooth discussed at length in Warren's Memoir on 
Mastodon glganteus may have heen from Maryland, but the chances are against 
thiB and it la more likely to have come from North Carolina. 
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TTntil the acquMtion of fairly complete BpeciraenB by the American 
Museum of Natural History, from wliich important information lias 
been obtained regarding the shape of the jawe, it was a difficnlt matter to 
assign good differential characters to the three species of true elephants 
found in the United States, for while typical teeth of all three are readily 
distinguishable, yet intermediate forms of teeth occur which cannot with 
certainty be distinguished from one ano&er. This is particularly true 
of tiie two larger speciea, Elephas columhi and Elephas imperator, as a 
small female tooth of the latter very closely resembles a large tooth of 
Elephae colvmbi. For this reason the three species of Elephas at present 
known or recognized from North America have been variously admitted 
or rejected as valid species, all having been at one time included under 
Elephas primigenUis, Falconer recognized the specific distinctness of 
Elephas columbi as early as 1857, but for a long time stood alone in this 
respect, and after Leidy had described Elephas imperator he reconsidered 
and called the type specimen americanm or columbi.' Cope also, though 
recognizing differences between teeth from various localities and possess- 
ing jawB of Elephas columbi (?) wrote: "It is not clear that the two 
American forme can as yet be distinguished from the Elephas primi- 
geniuSj or from each other, except as probable sub-species, Elephas primi- 
genius columbi and Elephas pnmigenius americanus. But more perfect 
material than we now possess may enable us to distinguish one or both 
of these more satisfactorily." In writing thus. Cope confused Elephas 
imperator with Elephas colunibi and considered the eastern form of 
Elephas columbi as distinct from the western, which it may yet prove to 
be. More important misconceptions were ascribing the bones found in 
Mexico to the Northern mammoth and in considering this as the original 
species from which .the others had been derived, when all iudicationa 
point to the southern Epeciea as being earlier in point of time. 

This, of coarse, leaves the problem of the origin of these species un- 
settled, but we are equally in the dark regarding the derivation of Ameri- 
can mastodons, for while Cope recorded Mammut proavus from the Loup 

' The application of Elephas americanus to the maatodon of course pr«- 
dudea Ita uae tor any true elephants. 
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Pork beds he did not look npon thia as the direct ancestor of Mammut 
americanus, but considered the line of descent to have been through some 
European or Asiatic species, like Mammut horsoni which is undeniably 
a near relative of our common mastodon. 

It will be readily seen that we have much to leam in regard to the 
species of American elephants and their derivation, but it should be 
remembered that until the discoveries of Andrews and Beadnell in 
Africa, we had no hint of the origin of the Proboscidians themselves, and 
the energy with which paleontological research is being carried on in the 
United States may at any time bring to light the evidence needed for the 
solution of the forgoing problems. 

Teetk. — It is customary in noting differences between t«eth of ele- 
phants to give the number of ridges on a tooth, but this plan is unsatisfac- 
tory, not only because perfect teeth are rare, but because it is frequently 
impossible to tell the number of ridges concealed by a thick coating of ce- 
ment. The number of ridges on the grinding surface changes continually 
with the wear and displacement of the teetb, so that this is also of little 
use for comparative purposes. For these reasons the number of ridges 
to an inch has been taken for purposes of comparison, and as many teeth 
as possible have been measured in order to get the best possible average. 
In giving the characters of the species the average number of ridges in 
10 inches has been taken because this is practically equal to 25 centi- 
meters and makes a convenient standard of comparison. From the ma- 
terial available, which includes a very considerable number of teeth in 
the TJ. S. National Museum, the number of cross folds in this space, in 
the upper molars, is aa follows: Elephas imperator, 13; Elephas columbt. 
18 ; Elephas primtgeniug, 34. The nnrnb^ of cross ridges in the lower 
molars is slightly less than this. 

It is necessary to explain that the term ridge, as here used, means loop 
or ellipse — the worn face of each enamel pocket forming a greatly elon- 
gated ellipse. There are occasional abnormalities in the enamel plates 
and in rare instances a single plate is intercalated between two complete 
ellipses and may unite with the edge of an adjoining loop. The enamel 
plates are also by no means equi-distant from one another throughout 
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their length but at the posterior end of a tooth the folds are much nearer 
together on the grinding than on the root side, spreading out aomewhat 
like a fan or the leaves of a partly-opened book. This is well shown in 
the plate giving side views of teeth of Elephas columbi and imperator, 
and in such cases the measurements have been made and folds counted 
near the Diiddle of the tooth. 

Genus MAMMUT Blumenbacli. 
Maumut auebigakuu (Kerr) 

THE AMERICAN MASTODON, 

Plates XXXIV, XXXV, XXXVI. 
ElepJtaa americanus Kerr, R., 1792. Anlm. Kingdom, p. US. 
Ifammut ohioHcum Blumenbacb, 1799. Naturgeachlclite, Ed. vl, p. 698. 
MattoOon amertcanui Cuvler, 1S34. Recherchee OBsemena foaelles, p. 478, 

pi. xix, figs. 1-3. 
Mastodon maximus Hall, 1843. Geol. of N. Y., p. 363, plate, Kg. 74, text fig. 

173. 
Maetodon giganteua Warren, J. C, 1852. The Mastodon QiganteuB of N. A., 

pp. 1-viil; 1-219, pi, 1-26 + 1. 
Maatodon oliioHcu* Leldy, 1S59. Holmes Post-Pl. Foaeils of S. C, p. 108, 

pi. xlx, flga. 1-3, 
MaatoAon gigantewt Agasslz, 1862. Amer. Jour. Scl., ser. 11, vol. xzxiv, p. 

I3E. 
Mastodon giganteut Cope and Wortman, 1884. I4th Rept. State Geol, lod., 

pt 2, p. 33, pi. 111, figs. 1. 2; pi. tI, fig. 1. 
Description. — The common, or American maatodon, Mamtnut ameri- 
canum, ia eo well known as to require little description. It is readily 
distinguished from all other American mastodons by the character of its 
teeth which bear simple tent-shaped ridges and have the valleys between 
unobstructed. Its nearest relative iu M. borsoni from Russia, and while 
Mme. Pavlow ' believes that teeth from Pestchna, Russia, are those of 
M. americanum, it will be best to consider this as open to doubt until 
more conclusive evidence than that of a single, imperfect ramus of a jaw 
13 discovered. As a matter of fact, mastodon molars are so extremely 

' It hue not been thought necessary to give extended references to tbe 
Bynonymy and blblio(;raph; of the species dtacuBsed ab this has been so thor- 
oughly done by Hay In hie Bibliography and Catalogue of the Fossil Vene- 
brata of North America. Bull. U. S. Geo. Survey, No, 179, 1902. 
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variable that little dependence can be placed upon them alone for pur- 
poses of slight specific differentiatioQ. Specimens in the TJ. S. National 
Museum from one horizon and one locality st Afton, Indian Territory, 
show that the last molar may have fonr cross ridges, five cross ridges, or 
five cross ridges and a heel. 

In ita low, maesive build, shape of the skull and character of the teeth 
the mastodon differs so entirely from the mammoth that the two may be 
told apart by the most casual observer. The tusks even differ in some 
respects from- tiiose of Elephat by being shorter and stouter, though 
these differences are more marked in males than in females, the tusks 
of the latter being slender for their length. The tusk of a full-grown 
male mastodon is from 8^ to 9} feet long and 7 to 8 inches in diameter, 
while the tusk of a male mammoth is from 9 to 11 feet long and 6 to 7 
inches through. 

In the eastern United States the mastodon seems to have existed to a 
much later date than the mammoth, having entered "Sev York after the 
retreat of the ice sheet and remained there during the formation of the 
peat beds and the filling of the valleys and small streuos to the west of 
the Catekills. The freshness of some of the bones renders it possible 
that the mastodon was contemporary with early man, but while the writer 
firmly believes this to be true he is at present unacquainted with any 
positive evidence that such was the case. 

The size of the animal has been popularly very much over-estimated. 
and this erroneous idea has been encouraged by equally erroneous figures 
and mounted specimens. The skeleton of an old male from Newburgh, 
N. Y., in the Museum of the Brooklyn Institute, which is a good rep- 
resentative animal, measures 9 feet 4^ inches to the top of the backbone, 
and the equally adult female from Michigan in the U. 5. National Mu- 
seum stands 7 feet 8 inches in height. Allowing for flesh and skin it is 
safe to say t^at the average full-sized mastodon was under 10 feet in 
height or about the size of the Asiatic elephant, although much more 
heavily built. 

Occurrence. — This species, as represented by its fossil remains is by 
far the moat abundant and most widely distributed of any species of 
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North American elephant. It appeara to have been cominoii from New 
York to Florida and west to Washington and Texas. It extended across 
the border into the Bonthem part of Ontario, while remains have been 
fonitd at Cape Breton, Manitoba and, recentlj in Alaska. At Kimms- 
wick, jnat south of St. Louis, is a deposit from which bones of hundreds 
of individuals have been taken, while bones and teeth were formerly com- 
mon at Big Bone Lick, Kentucky. It is entirely possible, even probable, 
that this great range represents more than one species, but, with the ma- 
terial at present available it is not possible to say that such is the case. 
Aside from the lack of specimens, the difficulties in the way of distin- 
guishing more than one species are increased by the great variability of 
the teeth in size, shape, and character, for while the ordinary mastodon 
molar is quite smooth, some have the enamel decidedly wrinkled. Thus 
Dr. Leidy based his Mastodon ruffosidens on a much-wrinkled tooth from 
South Carohna, while very similar teeth have been found at other lo- 
calities. Dr. Waldemar Lihdgren obtained two teeth with slightly 
wrinkled enamel from Rye Valley, Oregon, but, as noted, it is not yet 
possible to establish more than one species, although this may be desir- 
able at some future time. The nuiny instances in which mastodon skele- 
tons have been found where the animal had evidently come to his death 
by getting mired implies a great fondness for low, marshy localities. 

Not knowing the conditions under which mastodon remains have been 
found in Maryland, it is only possible to hazard a guess as to their prob- 
able age, but it is suggested that this is somewhat earlier than that of 
specimens from Ulster and Orange counties. New York. These last are 
found imbedded in mud or peat at the bottom of what were formerly 
small ponds or bogs and the fresh look of some specimens and the fine 
preservation of the bonea indicate that this is one of the last localities in 
North America where the mastodon survived. 

Collections. — The animal is represented in the collections of the Mary- 
land Geological Survey by imperfect teeth from six individuals, the best 
specimen being a nearly complete last upper molar. This and a part of 
another tooth resemble in the black color of the enamel, teeth from St. 
Mary's in the TT. S. National Museum, and it is very probable that they, 
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too, are from this locality. Two of the other fragments have the enamel 
wrinkled, two are smooth, and the fifth is intermediate in character be- 
tween them, thns affording excellent jllnstrations of the great variability 
of the texture of mastodon teeth. The species is also represented by a 
fine posterior upper molar which was found on the Ridgeley estate of 
Hampton, near Towson, about 10 miles north of Baltimore. 

Genus ELEPHAS Linne. 
Elefhab friuiobniub Blumenbach. 

THE NOBTHEHN UAHMOTH. 

Plate XXXVII, Plate XXXIX, Fig. 1. 

Elephaa primlfreTiitu Blumenbacb, 1S03. Handb. Naturg. Ist French ed., 

vol. 11, p. 407. 
Eleph(u americanus DeKay, 1842. Zool. of N. Y. Pt. 1, Mammalia, p. 101, 

pi. xxxll. 
Elepliaa amerioanua Leldy, 1860. Holmes Post-Plloceoe Foaalla of S. C, p. 

lOS. pi. xviil. 
Elepluu niaaiaaippiemia Foster., 1ST2. Nature, vol. vl, p. 443. 
Blephaa pHtntgeniut Cope and Wortman, 1SS4. 14th Rept. (n&te G«ol. Ind.. 

p. 32, pi. VI, tigs, 2-5. 
Elephaa primigeniua Cope, 1889. Amer. Nat., vol. xxlll, p. 20T, pi. xvl, 

fig. 20. 
Elepjia* americanui Leldy, 1889. Trans. Wagner Free Inst. Sci. Pblla., 

vol. 11, p. 17, pi. Hi, figs. 6-9. 
Elephaa primigeniut Zlttel. 1893. Handbucb der Palaeontologle, 1 abtb. 4 

Band, p. 469, flgs. 387-390, 

Description.— Jav broad and rounded; profile in front of tooth row 
almost vertical ; enamel folds narrow and compressed ; rather more than 
two folds to the inch, or 24 in 10 inches ; enamel itself thin. 

This species, which is the best known and most widely distributed of 
extinct elephants, was of comparatively small size and would not average 
more than 9 feet in height at the shoulder, or about the same as the mod- 
em Asiatic elephant. Its tusks were, as a rule, much more curved than 
in existing elephants and much longer, although the last point is largely 
due to the fact that before the appearance of man, elephants were per- 
mitted to live out their days, and as the tusks grew throughout life they 
reached an average greater length than in modem elephants which are 
too often cut off in their prime. 
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In point of time this ia the latest of the extinct true elephants and it 
is the only one whose presence in America see'ms to be satisfactorilj ac- 
counted for. The abundance of mammoth bones in Alaska and the con- 
ditions under which they occur indicate that it came from Siberia, and 
if its tracks are not to be seen, there are places where Dr. Dall tells na 
the escrement * of the beast ia embedded in the ice. 

Occurrence. — Although remains of the animal are abundant in parts 
of Alaska, owing to diffculties in the way of exhuming and transporting 
bones, nothing like a complete skeleton or even a good skull has been re- 
covered. The best specimens have been found lying in the beds of ancient 
and obliterated streams exposed in prosecuting mining work, but no one 
has been on hand to take advantage of a " find " while those engaged in" 
mining naturally had no time and little desire to undertake the work of 
removal. !tfo complete specimens with the flesh preserved have been 
found aa in Siberia. The nearest approach to this has been recorded by 
Dr. W. H. Dall who obtained from the banks of the Yukon pieces of fat, 
very nearly transformed into adipocere, and was told that part of the 
animal had been present. If sach were the case it must have been due 
to a washing down of the body and its subaequent entombment in mud. 

In this connection it may be well to say that the recent work of Mr. 
A. G Maddreu* seems to indicate that the general conditions in Alaska 
and Siberia were not so unlike as we have been led to believe, and that it 
ia entirely probable that there was no general glaciation in northern 
Siberia and no entombment of mammoths in glacial ice. Mr. Maddren 
considers that the bodies of the mammoth rested on the ice and not in 
it, and that the formation of thia ice waa due to local causes and con- 
fined to limited areas. 

A left- upper molar from Oxford Neck ia the most striking tooth from 
Maryland, as it is the largest undeniable tooth of B. primigenwa that 
the writer has seen, measuring 11 x 6J x 3f inches, the worn grinding 

* Mr, Maddren suggests that this Is decaying vegetable matter pure and 
simple, bearing no relation to the mammoth, 

* The results of Mr. Maddren's Important work are given In a paper entitled 
" Smithsonian Exploration In Alaska In 1904 In Search of Mammoth and 
Other Fossil Remains." Smithsonian Misc. Coll. part ol XLtX, 1905. 
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surface of the tooth beiug 7^ inches long by 3| inches wide, with 17 cross 
folds. In Bize this tooth quite equals many examples of lH. columbi, but 
the number of enamel folds, their thinness and great compression render 
its reference to E. primigenius absolutely certain. So great ja the com- 
pression of the enamel pockets that in many instances they are almost 
in contact. 

Portions of the skull and tusks, together with a number of ribs, all 
of which probably belong to this species, were found associated with the 
foregoing tooth at Oxford Neck. Unluckily proper measures were not 
taken to secure all of the bones and they have suffered subsequently from 
lack of care. 

The small, much worn, left upper molar, referred to under E. columbi 
is 5^ inches long by 3^ wide and haa 11 folds of enamel, showing in- 
dnbitably that it helonp to E. primigenius. The folds are thin and 
characteristically compressed, although slightly more wrinkled than in 
typical examples of the northern mammoth. 

Collections — Maryland Geological Survey, IT. S. Natural Museum. 

Elsphas coldmbi Falconer. 

THE BOUTHESN KAUUOTH. 
Plate XXXVIII, Pig. 1 ; Plate XXXIX, Fig. 2 ; Plate XL, Fig. 1. 
Elephaa columbi Falconer, 1857. Quart Jour. Oeol. Soc London voL 

zUl, p. 319. 
Etephat texianus Blake, 1862. The Qeol., toI. v, pi. 4. 
Elephaa jacksoni Logan, 1S63. Geol. Survey Canada, p. 914, DgB. 496-498. 
SHephat primigeniyu columM Cope, 1SS9, Amer. Nat, vol. xxifl, p. 109, pi. 14- 

Description. — Jaw much like that of the Asiatic elephant on a large 
scale; teeth with less than two folds of enamel to the inch, or 18 folds 
in'lO inches. The portion of the jaw immediately in front of the teeth 
slopes forward at a much less angle than in E. primigenius and the 
angle fonned by the meeting of the rami is much as in the Asiatic ele- 
phant. 

Elephas columbi, first differentiated from the Northern mammoth by 
Falconer in 1857, is intermediate in size between the Northern and Im- 
perial mammoths, although it must often have closely approached 
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the latter in bulk. The tooth-ridge formula is also intermediate in size, 
there being lees than two cross ridges to the inch, although the ridges are 
not so widely separated aa in the Imperial roammoth. 

It may well be termed the Southern mammoth, for it is the common 
species of the southern United States, and while in places the northern 
limit of B. columbi slightly oyerlaps the southern boundary of E. primi- 
genius, yet, as a whole, its range is to the south of that species. This 
range extended from the State of Washington southward to Texas and 
eastward to Maryland and Florida. The occurrence in Maryland of ex- 
amples of E. columbi and E. primigenius within a few miles of one an- 
other is of great interest, aa it definitely marks the overlapping of the 
range of these two species on the Atlantic coast. 

The probable course of the Southern mammoth northwards into Mary- 
land was along the coast from Florida together with the Megatherium 
and accompanying animals. Since the number of specimens that have 
been found increase as we go south remains of the animal may be called 
fairly abundant in parts of Florida. It may have been found even far- 
ther north than just noted, as a tooth discoyered at Edmonton, Alberta 
is ascribed to this species, and the specimen from Long Island, Hudson 
Bay, is said to be intermediate in character between E. columbi and 
E. primigeniue. The occurrence of the Columbian mammoth so far 
north is, however, extremely donbtfnl and the presence of even the 
northern species so far to the east of its known range is very Ukely due 
to accidental causes. 

Occurrence. — Teeth of the Columbian mammoth have been reported 
from Pennsylvania, but the most unimpeachable evidence of its north- 
em range is a fairly complete skeleton from Indiana in the American 
Museum of Natural History. 

From the modem point of view it would be singular if all the ele- 
phants over such a considerable range of territory should belong to one 
species and, just as Professor Matschie has recently separated the African 
elephants into four species, so if we could have entire specimens instead 
of detached parts of skeletons, it would undoubtedly be an easy matter to 
separate tiie fossil elephante ascribed to E. columbi into several well- 
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defined species. The markedly large size of tiie California specimens cer- 
tainly implies the specific or sub-specific rank of the animals, unless, as 
suggested elsewhere, they should prove to belong to E. imperator, a point 
that will only be settled by the discovery of a jaw. 

Eastern teeth, even those from Florida, average smaller than tboHe 
from the Southwest. Maryland examples are of the smaller size, but 
the tooth-ridge formula is entirely characteristic. 

This species is represented in the collections of the Maryland Geologi- 
cal Survey by three specimens, but one of these is so evidently from 
Florida that it will not be considered here. Another specimen ascribed 
to E. columbi is one of the intermediate forms that have been referred 
to as making it very difficult to identify the species of elephants from 
individual teeth. While from the number of enamel ridges it would just 
come within the definition of E. pnmigenitts, as there are 30 enamel 
plates in a distance of 9^ inches, yet in its general appearance the width 
between the sidee of the enamel pockets and thickness of enamel itself, 
the tooth resembles that of E. columbi and is referred to that species. 
It comes from Oxford Neck within a mile of the large tooth of E. primi- 
genius, with which it compares very well, not only in point of size, but 
in general condition. The third example is a small, somewhat worn 
typical tooth of Elephas columbi of particular interest from being of the 
same size and general character as a tooth of E. primigenins also in the 
collection, the two being excellent for purposes of comparison. The tooth 
measures 5^ inches in length by 3 in width and bears 9 enamel folds, or 
strictly speaking, 9J, as this is one of the occasional teeth in which a 
single fold occurs intercalated between two complete loops. 

Colleetiont. — Maryland Geological Survey, IT. S. National Museum 
and American Museum of Natural History. 

Elbphas IHPEBA.TOB Lcidy. 

THE lUFEBIAL MAHUOTH. 

Plate XXXVIII, Pig. 2; Plate XXXIX, Fig. 3. 
Blephaa imperator Leidj. 1S68. Proc. Acad. Nat. Sd. Phlla., p. 10. 
Description. — Jaw extremely massive, each ramus being so short. 
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broad and deep as to appear swollen; teeth with enamel folds about } 
of an inch apart, or 12 in 10 inches, the part of the jaw in advance of 
the teeth being almost vertical, much as in E. primigenius, but on a vastly 
larger ecale. 

The tusks, which reach an enormous length, are of the typical Ble- 
phaa pattern, being comparatively slender and hut slightly tapering. A 
specimen in the American Museum of Natural History is 13 feet long 
and 22 inches in circumfereDce, and Professor Osborn notes a specimen 
in the Museum of the City of Mexico having a length of 16 feet, this 
being at the present date the longest tusk on record and one that will 
probably never be much surpassed in dimensions. 

While ibis fine species has never been recorded save in the interior of 
the continent where it extends from Nebraska to the valley of Mexico, 
it is well to consider it here. Typical examples may be distinguished at 
a glance by the coarseness of the enamel folds which are nearly an inch 
from center to center, 31 folds being comprised in 26 inches. In size it 
is one of the largest, if not the very largest, of elephants, comparing in 
this respect as well as in structure of teeth with Elephas antiquiu and 
meridionalis of southern Europe, which it se^ns to have exceeded in 
height. While Oaudry claims for S. antiquvs a height of 13 feet 1 inch 
(3.95 m.) yet he states that the femur of this species is 130 cm. long 
and that of B. meri^omiJis 124 cm. Now the femur of the African 
elephant " Jumbo" is 133 cm, long, or slightly greater than that of either 
of these two fossil species, although Jumbo was but 11 feet high at the 
shoulders. Granting that the hind legs of the extinct species were pro- 
portionately shorter than in the living elephant, it would seem that the 
height assigned to the elephant of Durfort is entirely too great. A femur 
of E. unperator is reported from Keene, Oklahoma, as having a length 
of 5 feet 1 inch, or 141 cm., and this corresponds with examples from Vic- 
toria, Texas, in the American Museum of Natural History. Taking 
this materia] as a basis, we may wtimate the height of the Imperial mam- 
moth to have been 13 to 13^ feet, so that this is almost the only species 
that comes anywhere near realizing the popular idea of a mammoth. 

The re-establishment of Elepkas trnperator as a valid species was due 
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to the work of an anthropologiet, Mr. W. H. Holmes, who in the investi- 
gation of a deposit of arrow beads and fossil bones at Afton, Indian Ter- 
ritory, obtained considerable numbers of teeth of the common mastodon 
and of elephants. The former were of great interest as showing the 
range of variation in teeth from one horizon and locality, while the latter 
concluaively demooBtrated the existence of two ver}- distinct species of 
elephants, larger than the Northern mammoth.* 

Occurrence. — The type specimen of E. tmperator came from the 
Pleistocene gravels of Nebraska, but the normal habitat of this species 
was probably farther south, as is indicated by the numerous teeth from 
Afton, Indian Territory, and by specimens from Texas and Mexico. 

Collections. — IT. S. National Muaeom, American Museum of Natural 
History. 

REPTILIA. 

Order TESTUDINES. 
Suborder THECOPHORA. 

Superfamily CRYPTODIRA. 
Family EMYDIDAE. 

Genus TERRAPENE Merrem. 

Teeeapene. EDHTPTOiA (Cope). 
Plate XL, Fig. Z. 

OUtuOo eurypvfftd Cope, 1869, Svnop. Ext. Batr. Rept and Aves N. A.; 

Trans. Ainer. Pblloe. Boa., vol. xlv, p. 124 
Terrapene evrj/PVgia Hay, 1B02, Proc. Acad. Nat. Scl. Phlla., vol. llv, p. 38S, 

tlgB. 6, 7; Blbllog. and Cat. Fom. Vert. N. A., p. 449. 

* Flint ImpIemeatB and FobbII Remains from a Sulpbur Spring at Afton, 
Indian Territory. W, H. Holmes, Amer. Antbrop. (U.S.) vol. Iv, 1902, pp. 
lOS-129. The substance of tbls paper, with addttlons and many more Illustra- 
tions was given under the same title In the Rept. of the U. S. NaL Museum (or 
1901, pp. 237-252, plates 1-26. Plate 8 shows dorsal and lateral views of 
rlEbt lower molar of E. imperator, and Plats 9 flguires upper molars of 
E. imperator and B. columil, which show the dlSerences between the two 
most admirablj'. This ts the same as plate xxxlx of this paper. 
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Description. — The type is a fragment of the hinder portion of the 
carapace. The species is closely related to the living Terrapene Carolina. 
It differs from the latter in having the tenth marginal scute in contact 
with the fifth vertebral scute. Additional apecimena found in the Port 
Kennedy cave indicate that the shell was also relatively thicker. 

Occurrence. — Cope's type was found on Oxford Neck, Talbot County. 
He states tiat it was associated with remains of the mammoth,- the elk, 
the Virginia deer, and the snapping turtle. 

Collections. — Type in the American Museum of Natural History. 
The Port Kennedy specimens are in the Philadelphia Academy. 

Family CHELYDRIDAE. 

Genus CHELYDRA Schweigger. 

Chelydsa sbbpbntina (LinnI). 

Te»tKdo serpentina Llnnfi, 186S, Syst Nat, ed. s, p. 199. 

Chelt/dra serpentitia Ag&seiz, 1857, Cont. to Nat. Hlat. ot U. 8. of America, 

vol. I. p. 417. 
Chelydra serpentina Cope, 1869, Stuop. Ext. Batr. Rept. and Avee N. A.. 

Trans. Amer. Phlloa. Soc, vol. siv, p. 125. 

Description. — Cope, who is the authority for the occurrence of this 
species on Oxford Neck, Talhot County, does not state what portions of 
the skeleton were found, and the remains have since been lost. For a 
general description of the speciea, see Boulenger's Catalogue of the 
Cheloniana, etc., of the British Museum, 1889, p. 20. 



ARTHROPODA. 

Class INSECTA (Hsxapoda). 

Order COLEOPTERA. 

The conditions necessary for the preservation of insects as fossils are 
very exacting. The greater number of insects are land dwellers, and hence 
their chance of falling into marine or fresh water deposits is limited. 
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Of those that are aquatic iu habits the greater number are confined to 
the smaller ponds and lakes, or if they occur in larger bodies of -water 
they usually remain near the shores where the accumulating sediment is 
either of coarse texture or temporary. The chitinous skeleton of the in- 
sect is not well adapted for the rough tossing of waves. The body is often 
taken as food by the various predatory inhabitants of the water and the 
wings are delicate and require a fine grained matrix for their preaerva^ 
tion. A partial exception to these statements is presented by the Col- 
eoptera, or beetles, which have a thickened and resistant front wing admit- 
ting of preservation in sediments in which the more delicate wings of 
other insects are rarely found. 

The Coleoptera are not known from deposits older than the Triasslc, 
the several indefinite fossils recorded from Paleozoic rocks referred to 
this order proving one after another, to belong to some other 
order. Among the most frequently quoted evidwice of Coleoptera in 
Paleozoic time is the boring in wood from the Carboniferoua of Alt«nwald, 
Germany, described in 1877 by Charles Brongniart as borings of Scoly- 
tidse and referred provisionally to the genus Mylesinua. In his final 
monograph on paleozoic insects, however, {Inseetes fossiles, p. 452, 1893) 
Brongniart states in reference to the perforated wood : " En 1877 ]'ai 
fait connaltre des hois fossiles silicifi4s, provenant du houiller d'Autun 
et qui offraient des perforations r^gulifires que j'avais regards comme 
ayant 4t^ produites par un Col^op^re du genre Hylesinus. Mais rien ne 
vient confirmer cette assertion, car aucune empreinte authentique de 
Co!4opere n'a ^t^ dfcouverte et les imprintes qui out &t& d4erites comme 
telles ne sont autre chose que des graines fossiles, ou bien out ^te at- 
tributes k des arachnideg de groupe dea AnthracomartL" The Troxites 
German of Goldenberg has with closer study been considered a fossil 
fruit. Dipeltis, sometimes doubtfully referred to the Coleoptera (Zittel, 
Text-Book of Paleontology, Eastman's translation, p. 687) has been 
shown by the writer to be the larva of a cockroach (American Journal of 
Science, Vol. XV, p. 309, 1903). 

Among the Pleistocene material from Anne Arundel County occasional 
remains of Coleoptera are found, most of which consists of carbonized 
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fragments diatmgaished with difficulty from the fragmentB of elytra. 
They occur in the Talbot formation at Bay Bidge, a few miles below 
AnuapoliB. 

Some of the better preserved fragments are shown on Plate XL, 
Pig. 3. Pig. 3a is apparently the outer front part of the left elytra 
or wing case. The border ie smooth and slightly thickened. Striie 
are wanting, and the surface is minutely pitted. The part preserved is 
1.5 mm. long and slightly more than 1 mm. wide. The second specimen 
has much the resemblance of a pronotum. The front edge is uniformly 
curved and slightly thickened. Cnishing has obscured the posterior 
edge, but it appears to be essentially complete, and shows pitting similar 
to that on the tegmina. The specimen is approximately 3.5 mm. wide 
by scarcely 2 mm. from front to back. A few additional specimens show 
indeterminable fragments of elytra. 



cu^ CRUSTACEA. 

Superorder MALACOSTRACA. 

Order DECAPODA. 

Suborder BRACHYURA. 

Superfamily CAMCROIDEA. 

Family CANCROIDAE. 

Genus CALLINECTES Slimpson. 

Callineotes sapidus Eathbun. 

Plate XLI, Pigs. 1-3. 

Callinectes sapidws Ratbbun, 1896, Proc. U, S. Nat. Mus., vol. xvlll, pp. 
362-354. pis. sii, niv, flg. 1; jtxv, flg. 1; xsvl, flg. 1; sxvU, fig. 1. 

Description.-—" AduH. Carapace moderately convex. Granules of me- 
dium size, crowded on the inner branchial and cardiac regions, scattered 
and faintly marked on the anterior half of the carapace. The length of 
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the intramedial region is about one-hali its anterior width.' The frontal 
or interantennal teeth are two, triangular, acute, with faint indications 
of two others on their oblique inner margins (Plate XXIV, Fig. 1), The 
median subfroatal spine is conical and strong. The inn^ supraorbital 
tooth is broad and bilobed, the lobee obtuse, the outermoat very promi- 
nent. The adjoining fUeure is closed except at the anterior extremity, 
where there is a shallow Y-shaped opening. The lateral teeth are con- 
cave on both margins and acuminate. Lateral epine in males from three 
to about four times the length of preceding tooth.' Inner suborbital tooth 
acute. Penultimate segment of abdomen of male (Plate XXV, Fig. 1) 
much constricted in ite proximal half, widening at both extcemitiea. 
Terminal segment obtuse, lateral margins convex proximally, slightly 
concave or straight distally. Appendages of first segment ' (Plate XXVI, 
Fig. 1) reaching nearly to or beyond the extremity of the abdomen, near 
together for their proximal half, with only a slight outward curve; distal 
portions widely divergent except at tips. The abdomen of the adult fe- 
male (Plate XXVII, Pig. 1) is very broad, the margins of the last three 
segments separately convex; terminal segmeut longer than wide. Costse 
of carpus and manus with depressed granules or often almost smooth to 
the e^'e. 

Medium'sized specimens. — Carapace narrower than in adults; granules 
more distinct, especially on the anterior half. Frontal teeth less acute. 

' The transverse dimensions of the Intramedial region, or tbat division of 
the gastric region posterior to the second granulate ridge, I have designated 
as Its width. Ordway does so under G. toxote», but usee the opposite term 
under O. omatns. Thus the Intramedial region of both he describes as long 
and narrow, which Is misleading, the two species being entirely dlfTerent In 
this respect 

* Measarements are made from the tips of the spine and tooth to the 
Inner end of the Intervening sinus; thua the spine is measured on Ita anterior 
margin, the tooth on Its posterior margin. 

* In both seses of OalUnectea the flrat abdominal segment Is almost entirely 
concealed beneath the carapace; thus the abdomen in the male consists of five 
segments, the third, fourth, and fifth normal segments being coalesced, the 
flrst and second being furnished with appendages. In the female there are 
seven segments, the second, third, fourth, and fifth with appendages. In 
plBt«s xxv and zxvll the first two segments are not shown. 
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Antero-lateral teeth broader, their margins more or less convex. Lateral 
apine a little more than twice the length of preceding tooth. Inner sub- 
orbital tooth broader, obtuse. Costee of carpus and manuB more distinctly 
granulate. 

In very young males the abdominal appendages are much shorter, 
reaching only to the middle of the penultimate segment. 

Size. — Adult males vary in width from 6 J to 7| inches; adult females 
from 5 to 7 inches." — Rathhun, 1896. 

The only determinable specimen of this species was found by Captain 
C. E. Wharton, of Piahing Creek, Maryland, who obtained it near 
the mouth of the Choptank river at Cook Point, Dorchester County. 
The carapace as shown by the illustration, Plate XLI, Figs. 1 and 2, is in 
a fairly good state of preservation, but the appendages have been largely 
destroyed. 

Fragments of crabs' claws have been found at several localities, espe- 
cially at Wailes Bluff near Cornfield Harbor, and at Federalshurg, but 
it is impossible to determine whether they represent C. sapidits or some 
other species. Similar remains are recognized among the materials from 
the Pleistocene of Heislerville, N, J. 

Occurrence. — Talbot Formation. Cook Point, Dorchester County, 

Gollection. — Casts of the original specimen, which could not be per- 
manently secured from Captain Wharton, were made at the laboratory of 
the Survey and are in the collections both of the Maryland Geological 
Survey and the Johns Hopkins University. 

Superorder CIRRIPEDIA. 

Order THORACICA. 

Family BALANIDAE. 

Genus BALANUS Uster. 

Balancs ceknatds Brugniere. 

Plate XLII. Figs. 1-4. 

Balanua crenatui BrugnlSre, 1789, Encyclop. Method, (deo. Vers). 

Balanut creiuttu« Darwin, 1854. Mon. FobbII Balanldce, etc.. Pal. Soc., pp. 

23, 24, pi. 1, figs. 6a-Sy. 
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Description. — " Parietes, but not basis, permeated by pores ; shell 
white; radii with their oblique aummita rough and straight; scutum with- 
out an adductor ridge; tergum with the spur rounded," " Under the last 
apeciea [Balanvs porcatua] I have shown that the porose parietes, but 
solid bbsis, distlnguiali this species easily from all the otliers, with the ex- 
ception of B. porcatus, from which it can readily be known by the charac- 
ters of its opercular valvea, as already thereunder stated. Judging by 
external appearances alone, which ought never to be trusted to in the 
identification of any sessile cirripede, this species might easily be con- 
founded with Bal. dolosvs, found fossil in tiie same deposits." 

" This species preeente a great diversity of external aspect ; I have had 
figured (Tab, I, Fig. 6a) one of the commonest appearances presented by 
it; but frequently the shell is quite smooth and depressed, or extremely 
much elongated and cylindrical, or even club-shaped. The itiMw is gen- 
erally thin and slightly furrowed in lines radiating from the center, but 
is not permeated by pores ; when, however, in large and old specimens it 
becomes thicker, as in Tab. I, Fig. 6c, its edge is very distinctly pitted 
by little hollows, which might eometitnes be easily mistaken for the ori- 
fice of pores: the absence of pores is a very important character in the 
diagnosis of B. crenatus. The basis is less firmly attached to the sup- 
porting surface than is usual with most cirripedea, and consequently it 
often separates from it together with the parietes. With regard to the 
opercular valves (6d-6g) drawn from recent specimens, I need here 
only state that the most conspicuous characters are the large articular 
ridge to the scutum, and the reflexed apices of all four valves, though 
this latter character is highly variable." 

" The largest recent British specimen which I have seen was only .55 
of an inch in basal diameter: specimens from Greenland and the north- 
em United States, frequently attain a diameter of three-quarters of an 
inch, and I have seen one single somewhat distorted specimen actually 
1.6 of an inch in basal diameter. Where individuals have grown crowded 
together, their length is often twice, and even occasionally thrice as 
great as their diameter; thus I have seen a recent Greenland specimen 
1.6 of an inch in length, and only .75 in diameter. This species, in its 
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recent state, sa may be aeen imder the habitas, baa as enormouB range. 
I have felt myadf unwillingly compelled to admit that it ranges txom 
the Arctic S^ona in 74° 48' N. to the Medit^ranean, the West Indiea, 
and Cape of Good Hope." Darwin, 1864. 

Fragments of this species are common at Federalsburg. The compart- 
ments, with their alee more or less broken, are the only portions of ttie 
ahell that have been observed here. Smaller shells occur at Wailes Bloff 
vhere one specimen with its compartment and basis intact was f oand. 
The operculum has not been obtained with any of the material. 

Occurrence. — TaIiBOT Fobuatioh. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County; Fedentlsbnrg, Caroline Coimty. 

Collectiont. — Maryland Geological Survey, Johns Hopkins University. 

MOLLUSCA. 

Class GASTROPODA. 

Subclass EUTHYNEURA. 

Order OPISTHOBRANCHIATA. 

Suborder TECTOBRANCHIATA. 

Family TORNATINIDAE. 

Genus TORNATINA A. Adams. 
TOBNATINA CANALICDLATA (Say). 

Plate XLII, Figs. 5, 6. 
Volvaria canalicitlata Say, 1S26, Jour. Acad. Nat. Scl. Phlla., vol. y. 1st ser., 

p. 211. 
Volvaria canaliculata Holmea, 18E9, Poet-Fl. Foe. of S. C, pp. 78, 79, pL 

xll, figs. 11, lla. 
Tornatina canaliculata Dall, 1S89, Bull. U. S. Nat Museum No. 37, p. 84. pi. 

lit, flg. 27. 
Tornatina caTtalicvlata Dall, 1890, Trane. Wagner Fre« Inst. Scl., vol. Ill, pt. 

1. p. 15. 

Description. — " Shell whitish, immaculate, cylindric, with verj' minnte 
obsolete wrinkles; spire convex, very little elevated, mammilated at tip; 
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volutions abore five, with their shoulder very obtusely grooved; labrum 
with the edge arcuated; labium overspread with a calcserous lamina, and 
with a eingle oblique fold or small tooth near the base." Say, 1836. 

Thifl small species is very common. It is an exceedingly variable form, 
the spire at times being very little elevat«d while otiier specimens show 
this feature in a very marked degree. 

The earliest representatives of this species have been found in the 
Miocene of Jamaica. It also occurs in the Pliocene of Florida, the Pleia- 
tocene of New Jersey, Maryland, South Carolina, and Florida and in the 
Recent ranges from Cape Cod to the GFulf of Mexico. 

Length, 5 mm.; width, 3.3 mm. 

Occurrence. — Talbot Formation. .Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — ^Maryland Geological Survey, Johns Hopkins University, 
and TJ. S. National Museum. 

Subclass STREPTONEURA. 
Order CTENOBRANCHIATA. 

Suborder ORTHODOMTA. 

Superfamily TOXOGLOSSA. 

Family TEREBRIDAE. 

Genus TEREBRA Adanson. 

Tbrebra dislocata (Say). 

Plate XLII, Figs. 7, 8. 

CerUhium dUlocatum. Say, 1822. Jour. Acad. Nat. Sol. Phlla.. voL 11. Ist 

ser., p. 236. 
Terebra dialocatum BmmoDB, 1858, Hept. N, C. G«ol. Survey, p. 267. 
Terebra dislocata Holmes, ISES, Poat-Pl. Fos. S. C, p. 70, pi. xl, flg, 13. 
TereWa (Acus) dialocata Dall. 1889, Bull, O. S. Nat. Mua., No. 37, p. 64. 
Terebra (Acua) atsJocata Dal], 1890, Trans. Wft8:ner Fre« Inst Scl., vol. 411, 

pt. 1. p. 24. 

Description. — "Shell attenuated, acute at the apex; volutions with 
numerous, minute, revolving impressed lines, and from fifteen to eigh- 
teen transverse, elevated costie to each volution, which are dislocated near 
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the eammit of each volntioD by a rerolTing line, as deeply impreased as 
the sntnra." Say, 18S2. 

This small species is not readily detected until the materials collected 
in the fidd hare been washed and sorted. The form is very variable, al- 
though the small variety has alone been found in the Pleietocene of 
Maiyland. 

This species in one of its varietal forms baa been recognized in Hbo 
Eocene of MiasiaBippi. It is not nnconmion in the Miocene of Virginia, 
Korth Carolina, and Florida, in the Pliocene of the Carolinas and, the 
Pleistocene from Maryland to Florida. The Becent range is from Mary- 
land to Florida, the Bahamas and Venezuela. 

Oeairrence. — ^Talbot Pobmatjdn. Wailes Bluff near Cornfield Har- 
bor, St Mary's County. 

CoJlectiona. — Maryland Geological Survey, Johns Hopkins Universi^ 
and U. S. National Museum. 

Family PLEUROTOMIDAE. 

Ceniu MANGILIA Rfsso. 

Makqilu. oebina Knrte and Stimpson. 

Plate XLII, Figs. 9, 10. 

Pleurotoma certnum Earti and StlmpsoD, 1861, Proo. Boston See Nat. 

Hist. vol. It., p. lie. 
Plmrotoma cerinum SUmpson, 18E1, Sbells of Nsw ^atJand, p. 49, pi. 11, 

flS. 2. 
Ptmuvtowa cerinum Holmes, 1869, Poet-Pl. Fob. S. C, p. 77, pi. zU, Acs. 9, 

9a. 
UaneiHa cerina Ball. 1SS9, Bull. U. S. Nat Hus., No. 37, p. 102, pL xllT, 

flga. 16, lea. 
Descripfion. — " T. fuaiformi-turrita cerea, vel cinerea, plicis longitudi- 
nalibus, circa 10, elevatis, striis transversis numerosis; anfr. 7 planiu»- 
culi; apertnra oblonga, dimidiam epiram sub-sequante; labro simplici; 
Cauda brevissima." Kurtz and Stimpson, 1851. 

This species is not common. It is a smalt form, rarely detected except 
after a careful washing of the materials collected. 

The earliest occurrence of this species reported is by Dall from the 
Pliocene of South Carolina (Waccamaw beds). Its range in the Pleiato- 
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cene is not known, but is probably general along the middle and southern 
border. The species ranges in the Recent frojn Cape Cod to Florida. 

Length, fi mm. ; width, S mm. 

Occurrence. — Talbot Formation. Wailea Bluff near Cornfield Har- 
bor, St. Maiy's County; Federalsburg, Caroline County. 

Collections. — ^Maryland Geological SurTey, Johns Hopkins University, 
and TJ. S. National Museum. 

Superfamily RACHIGLOSSA. 
Family FASCIOLARIDAE. 
Genus FULGUR Montfort. 
Fdlode oarioa (Gmelin) 
Plates XLIII, XLIV, XLV. 
Murex cartca Qmelln, 1792, Syst Nat., p. 3E46. 
Murex carlca Conrad, 1834, App. Morton's SynopslB, p. 8. 
Biuvcon carica Holmes, 1S&9, Joet-Pl. Foa. 8. C, p. 6G, pi. xl, flg. 1. 
Fvlgvr corica Dall, 1S89, Bull. U. S. Nat Mas.. No. 37, p. 112, pi. Ixxlv, flg. 1. 
Fulgur corica Dall, 1S90, Trans. Wagner Free Inst. Scl., vol. 111. pt. I, p. 117. 

Description. — "M. testa patulo-caudata transversim striata; spire 
prominulffi anfractibus baai spinis coronatus." Gmelin, 1792. 

This species is the largest of all the gastropods in the Maryland Pleis- 
tocene. Its massive spines and thick shell are very characteristic and al- 
though not BB common as some of the other species it is by no means a 
rare form. It is evidently a lineal descendant of F. fueiforme of the 
late Miocene which in turn has F. spiniger of the early Miocene as its 
ancestor. 

This species is most common in the Pleistocene and Becent, but has 
also been found in the Pliocene of the Carolinas. In the Pleistocene it 
ranges from New Jersey to South Carolina and in the Becent from Cape 
Cod to the West Indies. 

Length up to 223 mm. ; widUi up to 120 mm. 

Occurrence. — Tai,bot Forication. Wailee Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 
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FULQUB OANALIODLATCH (Liim£) 

Plates XLVI, XLVII, XLVIII. 

Uurex canaticulatiia Unn6, 17B8, SyBt. Nat, p. 753. 

Busvcon canalicvlatitm Holmes, 1859, Post-Pl. Foa. S. C, pp. GS, GT, pL xl, 

fls- 3. 
Fuitmr canalicvlattu Dall, 1889, Bull. U. a. Nat. Mub., No. 37, p. IIS, pi. 

IzxlU, Og. 1. 

Description. — " ii. testa patnlo-candata, spirse anfractibne supra canali- 
culo diatinctis." Liim6, 1758. 

This species is not as massive as F. carica, but is more common. Its 
thinner shell is not as well adapted to preservation and it is difficult to 
find perfect specimens. It is apparently a descendant of F. corotiatum of 
the Miocene through the var. rugosum, F. corotiatum in turn is connected 
with F. spiniger by intermediate forms, and is itself a descendant of F. 
spinigcr or of some common ancestor. F. canaliculatum is found in the 
Pliocene of the Carolinas, in the Pleistocene from New Jersey to South 
Carolina and in the Recent from Cape Cod to the Gulf of Mexico. 

Length np to 160 mm. ; width up to 90 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections.— Maijleai Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 

Family NASSIDAE. 

Genus NASSA Lamarck, 

Nassa tgivitatta Say, 
Plate XLIX, Figs. 1, 3. 

Jiataa tTivittala Say, 1S22, Jour. Acad. Nat. Scl. Phita., vol. li, 1st ser., 

p. 231. 
Bucctnum trivittatitm. Holmes, 1859, PoBt-PI. Fob. S. C, p. 72, pi. xtl, flg. 2. 
Xasaa trivittata Dall, 1889, Bull. U. S. Nat. Mua., No. 37, p. 116, pi. sMli, 

flg. 13 and pi. I, fig. 7. 
Naasa trivittata Martin, 1904, Md. Qeol. Survey, Miocene, p. 196. 

Description. — "Shell conic acute, yellowish-white, cancellate so as to 
appear granulated, granules prominent, equi-distant ; ten revolving im- 
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pressed lines on the body whirl, and a eomewliat more conspicuous groove 
near the summit of each volution ; spire as long or longer than the body^ 
and with a rufous revolving line near the suture; body whirl trilineate 
with rufous, the lines placed one near the suture, one on the middle, and 
the third rather darker, at the origin of the beak; suture regular and 
deeply impressed ; beak distinguished by a piofouud depression, from the 
body whirl, slightly reflected; labrum not incrassated, with raised lines 
within upon the fauces which do not estend quite to the edge of the lip ; 
labium distinctly lamellar, with an obsolete fold of the basal edge, and 
a tooth near the superior junction with the labrum." Say, 18S2. 

This is one of the most common and characteristic species in the Uary- 
land Pleistocene. It has been frequently confounded with Naasa peralta 
Conrad of the Miocene, and it is probable Uiat the repeated listing of 
this form from the Miocene of Maryland is erroneous. The earliest au- 
thentic representatives of this species come from the Pliocene of North 
Carolina (Croatan Beds of the Neuae River). It is common in the 
Pleistocene from Massachusetts to South Carolina, and is found in the 
Becent ranging from Nova Scotia to Florida. 

Length, 17 mm. ; width, 9 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University. 
and TJ, S. National Museum. 



Genua ILYANASSA Sfimpson. 

Ilyanassa obsoleta (Say) 

PUte XLIX, Figs. 3, 4. 

Naeta obtoleta Say, 1822, Jour, Acad. Nat. Scl. Phlla., vol. H. ist ser., p. 238, 

Sucdnum ot>»oletum Holmes, 18B9, Post-Pl. Fob. S. C, p. 12, pi. xll, flg. i. 

Ntuia (llyawum) obaoleta Dall, 1889, Bull. U. 8. Nat. Mus., No. 37, p. 116, 

pl. 1, flg. 9. 
Ilvamuta obsoleta Dall, 1890, Trans. Wagner Free Inst Scl., v©l. Ill, pt 2, 
p. 239. 
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Description, — "Shell ovate-conic, Bubacnte, caucellate, exhibiting a 
granulated appearance, dark reddieh-brown, or blacMsli, sometimes 
tinged with olivaceoiie; apire shoTter than the body; auture not deeply 
impresBed; beak not distinguished from the body whirl by any profound 
depression, and not prominait; Idbrum within lineated with elevated, ab~ 
breriated or intermpted lines, not incrassftted, porple-black ; columella 
at base with a prominaice or fold." Say, 1823. 

This species appears in tiie Pliocene of the CaroliDas and is common 
in the Pleistocene from Maseachnsetts to South Carolina. 

Length, 21 mm.; width, 13 mm. 

Occurrence. — Talbot FoBUAnoN. Wailee Bluff near Cornfield Har- 
bor and Langleys BlufE, St Mary's County; Federalsbnrg, Caroline 
County, 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Family COLUMBELLIDAE. . . 

Genjs COLUMBELLA Umarck. 

COLDHBELLA (ASTTEIS) LDKATA (Say). 

Plate XLIX, Pigs. 6, 6. 

Wa*«a lufuOa Say, 1S26, Jour. Acad. Nat Scl. Pblla., vol. v.. p. S13. 
OoIumDelJa tvnala Holmes, 1856. Poet-Pl Fos. S. C, vp. 74, 75, pi. sll, flga. 

5, Ga. 
Aslyrit Junata Dall, 1870, Proc. Boston Soc. Net. Hist, vol. ziil, p, 242. 
Columbella (Atytrta) Junata Dall. 1889, Bull. U. S. Nat. Mas., No. 37, p. 
* 118, pi. i. flg. 17. 

OoJumbella (Aatyria) lunota DaJl, 1890, Tnwa. Wagner Free InsL Scl., 

vol. 111. pt. 1. p. 137. 

DescripHon. — "Shell reddish-brown, with about sii volutions; whorls 
with two revolving lines of dilated, sublunate, whitish spots, and some- 
times a third one at base; sutttre not deeply impressed; labrum dentate 
on tiie inner submargin, the superior teeth more prominent; labium with 
the plate not thickened." Say, 1826. 
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This little species is quite variable in some specimens, the whorls being 
mnch more ventricose than in others. By earlier writers it was often con- 
fonnded with C. communis Conrad, a much larger form, found in the 
Miocene. 

C. Itinata makes its appearance in the Pliocene of the Carolinas. In 
the Pleistocene it ranges from Masflachnsetts to Florida and has the same 
limits in the Becent. 

Length, 6mro.; width, 2.6 mm. 

Occurrence. — Tauot Fobuation. Wailes Bluft near Cornfield Har- 
bor, St. Mary's County ; Fedwalsburg, Caroline Counij. 

Collections. — Maryland Geological Survey, Johns Hopkins Tlniversi^, 
and U. S. National Mtiseum. 



Family MURICIDAE. 

Genus EUPLEURA Adams. 
EUPLEURA. OAUDATA (Say) 

Plate XLIX, Pigs. 7, 8. 

BoMlla caaOata Say, 1S22, Jour. Acad. Nat Scl. PblU., vol. tl. 1st eer., p. 

236. 
Xuiileura cauOata Holmes, 1869, Post-Fl. Fos. S. C, p. 62, pL x, flg. 3. 
Bupleura caudata DaU, 1889, Bull. XS. B. Nat Mus., No. 37, p. 120. pi. 1, fig. It. 
Jffwpleura caudata Dall, 1890, Trans. Wagner Free Inst. Scl., vol. til, pt 1, 

p. 144. 

Dgscription. — " Shell pale reddiah-brown, cancellate with eleven robust 
costa to the body whirl, and several revolving filiform lines paasing over 
them, which are more prominent upon the varice of the aperture, termi- 
nate at its inner edge, and there alternate with the raised lines of the 
fances; volutions Battened at their summits, abruptly declining to the 
suture; oanal coarctate, rather longer than the spire; beak rectilinear, re- 
flected at the tip." Say, 1828. 

Much confusion has prevailed regarding this species. Its earliest ap- 
pearance so far as known is in the Pliocene of the Carolinas and Florida. 
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In the Pleistocene it is fouDd at several pl-ices from MassachuBetta to 
South Carolina. In the Recent it is found from Cape Cod to the Florida 
Keya. 

Length, 26 mm. ; width, 12 mm. 

Occurrence. — Talbot Fobmation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County; Federalsburg, Caroline County, 

Collections. — Maryland Geological Survey, Johns Hopkins Univeraity, 
and IT. 8. National Museum. 



CcnusUROSALPrNX Stimpson. 
Ubobalpinx oiNEaBCB (Say). 
Plate XLIX, Figs. 9, 10. 
Ftuua cinereu* Sty, 1822, Jour. Acad. Nat. 8d. Phila., rol. tl, 1st eer., p. 

286. 
Ptuua cinereu* HoIm«, 1S59, Poet-Pl. Fosa. S. C, p. 6S, pi. xl, fig. 5. 
Uroialpinx cineretu Dall, 1889, Bull. U. S. Nat Mub., No. 37, p. 120, pi. 1, 
flg. 6. 
Vrotalpinx cinereu* Dall, 1S90, Trans. Wagner Free tnat. Sci., vol. lil, pt. 1, 
p. 148. 

Description. — "Shell with a cinereous epidermis, reddish-browa be- 
neath; volutions cancellate, the transverse costa eleven, robust; revolving 
lines filiform, irregularly alternately smaller, crenating the edge of the 
exterior lip, which is acute, and alternating with the raised lines of the 
fances; fauces tinged with chocolate colour; beak short, obtuse, not rec- 
tilinear; labrum not incrassated." Say, lS2i. 

A form not readily dietinguiehable from i/.ctn«reiM is found in the Mary- 
land Miocene and has been doubtfully referred to that species by Martin. 
Dall is inclined to believe that these Miocene forms belong to n. tros- 
suiut Conrad. Many of the specimens differ somewhat from the typical 
U. cinereus of the Pleistocene and Recent, although others apparently 
grade into that species so that a consistent separation is imjtossible. 

Typical forms appear in the Pliocene of the Carolinas and in the Pleis- 
tocene it is found at numerous points from Massachusetts to South Caro- 
lina. In the Recent it ranges from Xova Scotia to Florida. 

Ijength, 35 mm.; width, IS mm. 
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Occurrence. — Talbot Formation. Wailes Bluif near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and tr. S. National Musenm. 



Suborder STREPTODONTA. 

Superfamily PTENOGLOSSA. 

Family SCALIDAE. 

Genus SCALA Humphrey. 
SCALA LINEATA (Say) 

Plate L, Figa. 1, 2. 

Scaloria lineata Say, 1822. Jour. Acad. Nat. Scl. Phila., vol. If., let eer., p. 

2*2. 
ScaluTia Hneata Holmes, 1S69, Foet-Pl. Fos. S. C, p. 90, pi. xlv, Og. 3. 
Scala lineata Dall, 1889, Bui. U. S. Nat Hus., No. 37, p. 124. 
Bcala Hneata Dall, 1S90, Trana. Wagner Free lust. Set., vol. 111. pt 1, p. 168. 

Description. — "Shell brownish, elongated, with about seven volutions; 
costa robust, obtuse, little elevated, and from seventeen to nineteen on the 
body whirl; body whirl with generally a blackish, more or less dilated 
line, which is nearly concealed on the volutions of the spire by the suture ; 
margin of the mouth robust, white, more dilated at the columella base." 
Say, 1823. 

This beautiful form is rare in the Maryland Pleistocene and does not 
attain the size of the living specimens. It appears in the Pliocene of 
North Carolina and Florida and is recognized from the Pleistocene of 
Maryland and South Carolina. In the Recent it ranges from Cape Cod 
to Florida and perhaps to Texas. 

Length, 11 mm.; width, 4.5 mm. 

Occurrence. — Talbot Fobuation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Oeological Survey, Johns Hopkins University, 
and U. S. National Museum. 
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Superfamily GYMNOGLOSSA. 
Family PYRAMIDELLIDAE. 

Genu* ODOSTOMIA Fleming. 

Subgenu* CHRYSALLIDA Cupenter. 

ODOVFOUIA (CHBTflALLIDA) BSHDIIIDA (Adflms) 

Plate L, PigB. 3, 4. 

JaminUi itminuda Aduns, 1839, Jour. Bott Boc. Nat Hist., vol. U, p. 280, 

III. IV, llg. 13. 
Odoitomia gronulattu HolmM, 1869, Pofl^Pl. Fob. S. C, pp. 86, 87, pi. ziil, 

flu. 11, lit, lib. 
Not Aotuim granulatui H. C. Lea. 
OaoitonHa teminuta Dall, 1886. Bull. U. S. Nat. Mus., No. 37. p. 130, pi. 111. 

flf. 10. 
OHontottomiti laminuda DtU, 1892, Truu, Wagnor Free Inat Scl., toI. ill, 

pt. 1, p, !B1. 

Dtaoription. — " 8h«U, acut«-conic, gloss; white, diaphanous; whorls, 
nlioiit Hven, conrex; upper whorle and upper half of the body whorl, 
ruKow) longitudinally, witli three impreeeed I'eToWing lines, presenting a 
iliH-uiwito 01 uranwlouB appoorance; upon the lower half of the body whorl 
nr« four additional iniprcssod revolving lines, one of which runs arovmd 
111 tho inferior abrupt termination of the rigte, which are eighteen to 
twoiityi suturt broad, divided by an indistinct spiral ridge; apex acute; 
ii/Hirftin plliptioal, onu<tliird the length of the shell; ioirum not thick- 
imkhI, iHH-tinatod by the revolving lines, which are distinctly seen upon 
thiMtiiuu* Kido; inferior margin effuse ; ooIumeUa with a single sub-oblique 
Mi\, nrt'uato, i:*flt>xt>d: oporculum?" Adams. 1839. 

"rUia 9|v,virt is v*ry clos*ly relate^l to, if not identical with 0. mela- 
Ni>)<fr4 i^Oiuirad^ dt^'-riWi) in l^^O from the Miocwte, It is possible that 
Atlaius' uanttt wt stminutia stiauld be ivgarded as a syntmnn of malaiundes. 
'Vbon* my* no sharply d)st)uj*uishing charaoteristice, although the Uio- 
\Y))0 f>^r»t )» $ltj;htl>' stouter than the Btwnt. 0. Sfmiitwia is foimd in 
tho r'l'i^iiwne >it Mar\'land and South C;iirv>!ina and in the Becent langes 
fr.'".» MassaohuA'tts lUy w thu- Qulf of M«ioo. 

I t'");!h, 45 lutn, ; w;%:ih. S «•,!«. 
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Occwrmce. — Talbot Fobmation. Wailer. Bluff near Cornfield Har- 
bor, St Mary's County; Federalaburg, Caroline Counly. 

Collectiont. — ^Maryland Geological Surv^, Johns Hopkins University, ' 
and V. S. IsTational Museum. 

Odobtomia (Chbtsaluda) lUPBBeSA (Say). 

Plate L, Figs. 5, 6. 

Tutritella impretta Soj, 1822, Jour. Acad. Nat Sd. PMla., vol. li, lat nr., 

p. 244. 
Ohemnitzia Impreaaa Stlmpaon, 1851, Sheila of New England, p. 42. 
Oaottomia impretia Gould, 1S70, Inv. Mass., Ed. BlDner, p. 330, flg. 600. 
Odontoatomia impretsa Dall, 1S92, Trans. Wagner Free Inst. ScL, toL lU, 
pL li. p. 251. 

Description. — "Shell dusky, acute at the apex; vahdiona six, with 
about four acute, impressed revolving linea; lairum not thickened, a 
slight indentation at its base, and a projecting angle within on its middle." 
Say, 1822. 

This species is very common at Federalsburg, but has not been ob- 
served at any other locality. The characteristic revolving lines are clearly 
shown on all the specimens. 

Length, 3.5 mm.; width, 1.25 mm. 

Occurrence. — Talbot Formation. Federalsburg, Caroline County. 

Collections. — Maryland Geological Survey, Johns Hopkins University. 

OnoSTOifLA AonriDENB Dall. 

Plate L, Figs. 7, 8. 

Odoetomta ocutidans Dall, 1883, Proc. U. S, Nat. Mus., vol, vl, p. 331. 
Odoetomia conoidea Dall, 1892, Trana. "Wagner Free Inst. Scl., vol. Ill, pt ii, 
pp. 2E0, 2G1. 

Description. — " Shell solid, rude, yellowish-white, acute, six-whorled, 
marked with lines of growth merely; suture evident, but not channded; 
whorls rather flat, except the last, which has a neatly rounded base; aper- 
ture with the outer lip acute, rounded to Ihe columella, which stands out 
from the surface of tiie shell, with a groove behind it, but no umbilicus; 
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coIthqd with one large, very sharp tooth at ri^ht anglee to the axis of the 
shell; space betveen the columella and poet«rior end of the outer Hp 
polished, not csllooe. Loo, of shell, 4.18; of last whorl, 3.50; of 
aperture, 1.76; max. lat of shell, 2.00 mm." Ball, 1883. 

Only a single specimen of this species has Keen found in Maryland. It 
has been recognized in the Miocene of New Jersey and North Carolina, 
and in the Pliocene and Pleistocene of Florida. It is found living from 
Cape Hatteras to Florida and on the Gulf coasts. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary*B County. 

CoUectiona. — U. S. National Museum. 

Genu) TURBON1LLA Rfeso. 
Subgenus PYKGISCUS Philippi. 

TUBBONILLA (PYHOIflCDfi) lyTEEHDPTA (Totten) 

Plate h, Figs. 9, 10. 

Turriteila Interrupta Totten, 1B3E, Amer. Jour. Scl., vol. xzriil, p. 353, Og. 7. 
Turbonilla interrnpta Holmes, 186B, Foat-Pl. Foe. S. C, pp. 83, S4, pi. xllt. 

llgB. 4. 4a. ih. 
Turbonitla quinvtetlriata Holmes, 1869, op. dt. p. 8S, pi. zlU, flgs. 5, Ga, 5b. 
Turbonilla lineata Holmes, 1SG9, op. cit. p. 85, pi. zfti, flgs. 7, 7a, 7b. 
rur&onllla aubulata Holmes, 1859, op. cit. p. 85, pi. ztil, flgq. 8. Ba. 8b. 
TurDonilla adcula Holmes, 18G9, op. cit. p. 85, pi. zili, flgs. 10, lOa, IDb. 
Turbonilla interrupta Dall, 1892, Trans. Wagner Free Inst. Sci., toI. 111. 

pt 2, p. 269. 
TurtoniUa (Pj/rgiacua) interrupta Martin, 1904, Md. Oeol. Surve}'. Miocene, 

p. 224, pt. Uv, aga. 13, 14. 

Description. — " Shell, small, subulate, browDish : volutions about ten, 
almost flat, with about twenty-two transverse, obtuse ribs separated by 
grooves of equal diameter, and vrith about fourteen sub-equal, impressed, 
revolving lines, which are arranged in pairs, and entirely interrupted by 
the ribs : below the middle of the body whirl, the ribs become obsolete, 
and the revolving lines continuous: sutures, made quite distinct by a 
alight shoulder to each volution: apertures, ovate, angular above, regu- 
larly rounded below, about one-fifth the length of the shell: right lip, 
sharp, indistinctly sinuous." Totten, 1835. 
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There is great variation in the strength and spacing of the spiral 
sculpture and at times the spiral strise almost disappear. This species 
has a wide range both geologically and geographically. It appears in 
the Miocene of Maryland and North Carolina, is common in the Pliocene 
of the CaroHnas and Florida, and in the Pleistocene occurs at various 
points from Massachusetts to the Gulf coast of Florida. In the Beoent 
it ranges from Nova Scotia to Florida and the Antilles, as far south as 
Barbadoes, and along the shore ot the Gulf of Mexico to Texas. 

Ijenth, 7 mm. ; width, 1.5 mm. 

Occurrence. — Talbot Fobmation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and TJ. S. National Museum. 

Family CALYPTRAEIDAE. 

Genus CREPIDULA Lamarck. 

CBEPiDnu FORNiciTA (Linn6) 

Plate LI, Pigs. 1-4. 

Patella fomicata Llim6. 1758, Sysl. Nat., p. 12B7. 

Patella fomicata Omelln, 1792, Syst. Nat., p. 3693. 

Orepidula fomtcata Lamarck, 1822, Hist. Nat. S. Vert, vol. rl, (II) p. 24. 

Crypta fomicata Holmes, 1869, Poat-PI. Fob. S. C, p. 96, pi. xlv, flg, 11. 

Crepidula fOTHicata Dall, 1889, Bull. U. S. Nat. Mua., No. 37, p. 152, pi. xlvlll, 

flg. 16; pi. SO, flga. 23, 24. 
Orepidula forniaata Dall, 1892, Traos. Wagner Free Inst Scl., vol. HI, pt 2, 

p. 3EG. 
Crepidula fomicata Martin, 1904, Md. G«ol. Survey, Miocene, pp. 249, 250, 

pi. llx, Ogs. 4a, 4b. 

Description. — "P. [Cr.] testa ovali, posterius oblique recurra; labio 
posteriori concavo." Gmelin, 1792, and Lamarck, 1822. 

This common form has afforded no very large specimens in the Mary- 
land Pleietocene. Some are considerably inflated and suggest C. convexa, 
but they all belong to C. fomicata. 

This species appears first in the Florida Oligocene. It is found in the 
Miocene from New Jersey to Florida, in the Pliocene of the CaroHnas, 



dbyGoogle 



190 ST8TBUATI0 PJJ.BOKTOLOOY 

' Florida, and Costa Rica, and in the Pleistocene from MaaaachoBetts to 
Florida. In the Recent it ranges from Prince Edward Island to the 
northern shores of South America indading the West Indian Islands. 

Width, 13 mm. ; height, 16 mm. 

Occurrence. — Talbot Fobuaiion. Wailes Bioff near Cornfield Har- 
bor, St. Mary's County; Feder&lsbnrg, Caroline County. 

CoUectione. — ^Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Cbepidula plana Say. 

Plate LI, Figs. 5-8. 

Ortpidula plana Say, 1822, Jour. Acad. Nat. Scl. Phlla., toL il, p. 226. 
OrvpUuki plana Dall. 1889, Bull. U. S. Nat Mua., No. 37, p. 162, pi. zlritl. As- 

12; pi. I, Bg. 2G. 
OrepUula plana D&ll, 1892, Trans. Wagner Free Inst. Scl., toL itt, pL 11, p. 

SG8. 
Orepidula plana Hartln, 1904, Md. Oeo). Survey, Miocene, p. 250, pi. liz, 

flSB. &a, Gb. 

DeacripUon. — "Shell depressed, flat, oblong oval, transversely 
wrinkled, lateral margins abruptly deflected; apex not prominent, and 
constitating a mere terminal angle, obsolete in the old shells; toithin 
white; diajAragm occupying half the length of the shell, convex, con- 
tracted in the middle and at one side." Say, 18S2. 

" Having much confidence that this form will prove to be a dynamic 
mutation of other resident specieB, both in the fossil and the recent 
faunas, I prefer to adopt a name for it wliich applies strictly to the 
American form, though the latter cannot be distinguished by the shell 
from the European unguiformis and analogous individuals found in 
foreign waters in moat parts of the world. The fosaiU are absolutely 
identical in all essential characters with the recent specimens." Dall, 
1892. 

This very widespread species is recognized in the Oligocene of Florida 
and Jamaica, is common in the Miocene from New Jersey to Florida, in 
the Pliocene of the Carolinas and Florida, in the Pleistocene from Massa- 
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diQsetts to Florida, and in the Recent from Prince Edward Island to 
Florida and Trinidad and along the coast of the Gulf of Mexico to Texas. 

Width, 17 mm.; height, 30 mm. 

Occurronce. — ^Taibot Fobmation. Wailes Bluff near Cornfield Har- 
bor, and Langleye Bluff, Si Mary's Coim^. 

CoUections. — ^Maryland Qeological Survey, Johns Hupkina University 
and IT. S. N'ational Museum. 



Family N AT f CI DAE. 

Genus POLYNICES Monlfort. 

Subgenus NEVERITA Risso. 

FoLTNicBS (Netbhita) duplicatcb (Say) 

Plate LI, Figs. 9, 10. 

Xattca dupHcata Say, 1822, Jour. Acad. Nat. Scl. Pblla.. vol. 11, Ist ser., 

p. 247. 
Katica dupHcata Holmes, 1SB9, Poet-Pl. Fob. S. C. p. 80. pi. zll. fig. 14. 
Natica (Neverita) dvpHcata Dall, 1889. Bull. U. S. Nat. Mns., No. 37, p. 162. 

pi. II. flg. 12. 
PoJynlce* (Neverita) dupKcattu Dall, 1S92, Trans. Wagner Free Inet. Scl., 

vol. Ill, pt II, p. 36S. 
Polt/nicei (Neverita) duplicata Martin, 1904, Md. Geol. Survey, Miocene, 

p. 2G2, pi. ix, flg. 1. 

Description. — " Shell thick, sub-globose, cinereous, with a black line 
revolving on the spire above the suture, and becoming gradually diluted, 
dilated and obsolete in its course; within brownish-livid; a large incras- 
aated callons of the same color extends beyond the columella, and nearly 
covers the nmbilicns from above; umbilictis with a profound sulcus or 
duplication." Say, 1822. 

The variability shown in this species has resulted in various synonyms, 
as described by Dall in his monograph on the Tertiary fossils of Florida. 
The earliest appearance of the species is in the Miocene where it ranges 
from New Jersey to Florida. It is found in the Pliocene of the Caro- 
linas and Florida and in the Pleistocene from Maryland, South Carolina, 
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and Florida. It ranges in the Recent from Massachnaetts Bay aouthTard 
to Florida and along the coa^t of the Gulf of Mexico to Vera Cruz, 
Mexico. 

Length, 30 mm.; width, 33 mm. 

Occurrence. — Talbot Fobmation. Wailes Bluff near Cornfield Har- 
bor, and Langleys Blnff, St Mar3r'B Count;. 

CoUectiom. — Maryland Geological Survey, Johns Hopkins UniTersity, 
and U. S. K'ational Museum. 



Class PELECYPODA. 

Order TELEODESMACEA. 

Superfamily ADESMACEA. 

Family PHOLADIDAE. 

Subfamily PHOLADINAE. 

Genus BARNEA (Leach msl Risso. 

Subgenus SCOBINA Bayle. 

Babnea (Soobina) O08TATA (Linn6) 

Plate LII. 

Photaa coatatua LIdd^, 1758, Syat Nat. ed. z, p. 669. 

PkoUu coalata Holmes, 1858, Poat-Pl. Poa. a. C. p. 68, pi, ii, fig. 1, la. 

Fholaa (Bamea) coitata Dall, 1889, Bull. U. 8. Nat. Mua., No. 37, p. 72. pi. 

iKVlll. fig. 9. 

Sarnea (ScoDina) costata Dall, 1898. Trans. Wagner Free Inat Sci., toL Ui. 
pt. iv. p. 816. 

Description. — " Ph. testa ovata costis elevatis striata." Iann6, 1758. 

This delicate and fragile form is larger and thinner than the Miocene 
B. arcuata which is probably its ancestor and with which it has many 
characters in common. It has a shorter umbonal reflection, while the 
thin valves result in a characteristic punctate pattern on the interior. 
The earliest appearance of B. costata is in the Pliocene of North Caro- 
lina and Florida. In the Pleistocene it occurs in Massachusette, Mary- 
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laud, South Carolina, and Florida and in the Recent it ranges from 
Massachneette eonth to Mexico and Brazil. 

Width, 133 mm. ; height, 48 mm. 

Occurrence. — ^Talbot Pobmation. Wailes Bluff near Cornfield Har- 
bor, and Bay Shore south of Cedar Point, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkine University, 
and TJ. S. National Museum. 

Superfamily MYACEA. 
Family CORBULIDAE. 

Genus CORBULA (BrugniCTe) Lamarck. 

Section CUNEOCORBULA Cossmann. 

GOBBULA. OONTRACTA Say. 

Plate LIII, Figs. 1-4. 
Corbula contraala Say, 1832. Jour. Acad. Nat ScL Phlla., vol. 11, iBt ser., 

p. 312. 
Oorbula oontracta Holmes, 1S5S, Post-Pl. Foe. S. C, p. 66, pi. vlU, fig. 17. 
Corbula (Cuneocorbvla) conlrocta Dall, 189S, Trans. Wagner Free Iiut. 

Scl.. 701. Ill, pt Iv, p. SSB. 

Description. — "Shell tranaversely eubovate; valves subequal, regularly 
and profoundly striated transversely; beaks not prominent, nearly cen- 
tral, one side rounded and the other subacute; basai margin contracted 
near ^e middle, and one-half of the length of the edge of cue valve con- 
cealing one-half of the edge of the opposite valve." Say, 1832. 

This species is rare in the Maryland Pleistocene. It is a small form 
and is not easily detected except after the materials collected have been 
carefully washed. 

The earliest appearance of the species is in the Pliocene of North Caro- 
lina and Florida. It has been found in the Pleistocene of Massachusetts, 
New Jersey, Maryland, and South Carolina and in the Recent ranges 
from Cape Cod to Jamaica. 

■Width, 7.35 mm.; height, 4.25 mm. 

Occurrence. — Talbot Fobmation. Wailes Bluff near Cornfield Mar- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 
U 
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Family MYACIDAE. 

Genus MYA (Linne) Lamarck. 

Mta akenaria LitiD4. 

Plate LIII, Fige. 5, 6; Plate LIV, Figs. 1-4. 

Mya arenaria Unn^, 1758, STBt. Nat ed. z, p. 670. 

ifvd arenaria Holmei, 18&S. Post-PL Foe. 8. C, p. S5, pL Till, flg. 16. 

Mya arenaria Dall, ISSd, Bull. U. S, Nat. Mas., No. 37, p. 70, pi. xllz, flg. 9, 

pi. W, flg. 2; pL Izt, flg. 2. 
Mya arenaria Dall, 1S98, Trans. Wagner Free Inst. ScL, toL ill, pt. Iv, 

p. S57. 
Description. — " M. testa ovata poetice rotundata, cardinis dente an- 
trorBum porectiia rotundata dentieuloque laterali." Liim4, 1758. 

This species makes its first appearance in the Miocene of Virginia and 
Massachnsetta (Gaj Head) but has never been found in the Maryland 
Miocene where it is represented by M. producta a quite distinct form. It 
has not been observed in the Atlantic Coast Pliocene, but in the Pleisto- 
cene ranges from Labradoi to South Carolina and in the Becent from 
Nova Scotia to Korth Carolina. Although not indigenous to the Pa- 
cific, since its accidental introduction into Califomian waters, it has 
flourished and spread rapidly. 
Width, 108 nun. ; height, 68 mm. 

Occurrence. — Talbot Fobhation. Wailea Bluff near Cornfield Har- 
bor, and Langleys Bluff, St. Mary's Coun^. 

Gollectiont. — Maryland Geological Survey, Johns Hopkins University, 
and TJ. S. National Museum. 

Superfamily MACTRACEA. 

Family MACTRIDAE. 

Subfamily MACTRINAE. 

Genus MULINIA Gray. 

McLlMlA latesalis (Say). 

Plate LV, Figs. 1^. 

Mactra lateralia Saj, 1SS2, Jour. Acad. Nat. ScL Fblla., vol. il, Ist eer.. 

p. 309. 
Uactra lateralia Holmes, 1S59, Fost-PI. Fos. S. C, p. 40, pi. vU, flg. 9. 
Mactra lateralie Dall, 1889, Bull. U. S. Nat. Mus., No. 37, p. 62, pi. ixlz, flg. 8. 
MuHnia lateralit Dall, 1898, Trans. Wagner Free Inst. ScL, vol. iii, pt iv, 
p. 901. 
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Degcription. — " Shell trian^lar, very convei;, of a smooth appearance, 
but with very minnte, transveree wrinkles; lateral margins fattened, 
cordate, with a rectilinear, sometimea concave profile, one margia rounded 
at the tip, the other longer and lese obtuse; umbo nearly central, promi- 
nent" Say, 1888. 

This common and widespread form shows considerable variation. It 
is frequently bo numerous in the Maryland Pleistocene as to form almost 
solid layers of shells. 

This species makes its first appearance in the Miocene of Xorth Caro- 
lina and Mississippi, is common in the Pliocene of the Carolinas and 
Florida and ranges in the Pleistocene from Maine to Texas. In the 
Becent it ia found from New Brunswick south to the Florida Strait and 
westward as far as Texas. 

Width, 19 mm.; height, 13 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County, Sparrows Point well, Baltimore County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Genus RANGIA Dnmoulhi^. 

Rangia cdneata (Gray). 

Plate LV, Figs. 5-8. 

OnatKoOtm cuneota (Orar) Sowerby, 1831, Gen. Shells, pi. xl. 
OnatKodon cuneatua Holmea, 18E8, Post-Pl. Fos. S. C. p. 41, pi. vil, flg. 10. 
Onathodon cuneata Dall. 1889, Bull. U. S. Nat. Mus., No. 37, p. S2. 
Onathodtm cuneata Dall, 1894, MoDograph of Gnattaodon, Proc. U. 8. Nat. 

Mas., Tol. XTll, pp. 97, 98, pi. vll, Ogs. 1 and 10. 
Bonffia oimeata Dall, 1898, Trans. Wagner Free Inst. Scl., "vol. HI, pt Iv, p. 

MM. 

Description. — Shell trigonal; umbones prominent; anterior shorter 
than the posterior end ; hinge comprising a bifid triangular cardinal tooth 
in the left vaive on which fit two lamellar, divcrg^it teeth of the right 
valve; an anterior lateral tooth in the left valve, uncinate in form, fitting 
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over a weilge-shaped tooth in the right valve; a longer [Kwterior lateral 
tooth in the luft valve received between two aubequal lesa-prorainent la:iii- 
iiie in the right valve; teeth creniilated on their opposite surfaces; carti- 
lapo pit persistent; internal border of the valves smooth or faintk radially 
striated; adductor soars distinct; pallial line distinct; pallial sinns small. 

This species is a shallow, particularly hrackiah -water form and fre- 
quently occurs in great numbers, almost to the exclusion of all the other 
mollnsca. It is a distinctly sonthem warm-water form and has never 
been found north of Maryland. 

The earliest occurrence of this species is in the Pliocene of the Caro- 
linaa and Florida. In the Pleistocene it ranges from Maryland south- 
ward to Florida and thence along the Gulf Coast to Mesico and in the 
Recent from Alabama to Vera Cruz, Mexico. 

Width, 50 mm.; height, 4G mm.: thickness, 33 mm. 

Occurrence. — ^Talbot Formation. Wailes Bluff near Cornfield Har- 
■ bor and Potomac shore between Float and Poplar Hill Greeks, St. Mary's 
County; east side of Nanjemoy Creek, Charles County; near Middle 
Biver, Baltimore, Sparrows Point well, Baltimore County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and IT. S- National Museum. 



Superfamily SOLENACEA. 

Family SOLE N I DAE. 

Genus ENSIS Schumacher. 

En8Is directus (Conrad). 

Plate LV, Figs. 9, 10. 

Solen directus Conrad, 1843. Proc. Acad. Nat. Sci. Phila., vol. 1, p, 325. 
Bnsit an-.ericana Dall, 1889, Bull. U. S. Nat. Mue., No. 37, p. 72. pi. 53. flg. 4; 

p!. It. flgB. 4, 6. 
Enaia directus Dall, 1900, Trans. Wagner Free Inst Sci.. vol. Ill, pL v. pp. 

954, 955. 
Ensts directus Qlenn, 19U4, Md. Oeol. Survey, Miocene, p. 291, pi. Ixxi. 

flgs. 2, 3. 
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Description. — " Linear, straight, except towards the summit, where 
it is slightly recurved, gradually widening from the hinge downwards; 
basal margin rounded slightly towards the posterior extremity; anterior 
margin obliquely truncated, not reflected; cardinal teeth, one in the 
right valve, compressed, in the opposite valve two, the superior one very 
small and near the extremity, the other somewhat distant, elevated, ro- 
bust, slightly recurved. Length, four inches." Conrad, 1843. 

Fragments only of this species have been found. It is rare in the 
Maryland Pleistocene and is distinct from the smaller soutliern form 
known as E. minor Ball. 

Its earliest occurrence is in the Oligocene of Florida. In the Miocene 
it has been found at numerous localities from Maryland to Florida. It 
occurs in the Pliocene of the Carolinas and Florida, in the Pleistocene it 
ranges from Maine to Maryland and in the Recent from Labrador to 
Florida. 

Length, 133 mm.; height, 23 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

OoUecUons. — Marj'Iand Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Superfamily TEl.LINACEA. 
Family SEMELIDAE. 

Genus CUMINGIA Sowerby. 

CnMiNQiA TELLIN0IDE8 (Conrad). 

Plate LVI, Figs. 1, 2, 4, 5. 

Mactra telHnoidet Conrad, 1S3I, Jour. Acad. Nat. Scl. Pblla., vol. vl, lat ser., 

p. 25S, pi. zl, figs. 2, 3. 
Cumingia tellinoides Holmes, 1S5S, Foet-FI. Fos. S. C, p. G3, pi. vill, fl;;. 12. 
Cumlngia tellinoides Dal), 1S89, Bull. U. S. Nat. Mub., No. 37, p. 62. pi. Ivl, 

fig. 14. 
Cumingia tellinolde«.Dall, 1900, Trans, Wagner Free Inat. Scl., vol. Hi, pt. 

T. p. 1000. 
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Description.—" Shell ovate, thin, fragile, with numeroue raiaed, eon- 
centric striaa, one end regularly rounded, the other Btightly compreaBeJ 
and somewhat pointed at the extremity; lateral teeth distinct in one 
valve, in the other obaolete." Conrad, 1831. 

This beautiful little species has often been confounded with C. medtalis, 
a common Miocene species of Virginia and the Carolinas. The latter, 
according to Dall, ie distinguished by its " larger size, more conepicuou? 
socket for the recilium, less elongation and less prominent surface sculp- 
ture." 

This species is known in the Pleistocene from Massachusetts, Mary- 
land, and South Carolina, and in tiie Recent ranges from Prince Edward 
Island to Florida. 

Width, 17.5 mm.; height, 6.3 mm. 

Occurrence. — Talbot Formation, Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Family TELLINIDAE. 

Genus TELLINA (Linne) Umarck. 

Subgenus ANGULUS Megcrle. 

Tellina (Anoelus) tenera Say. 

Plate LVI, Figs. 3, 6. 

Tellina tenera Say, 1822, Jgur, Acad. Nat. Scl. Phlla., vol. 11, lat aer., 

p. 303. 
Tellina tenera Dall. 1889. Bull. U. S. Nat. Mua., No. 37, p. 60. pi. Iv. fig. 1, 

pi. M, flg 13. 

Description. — "SMI very thing and fragile, pellucid, compressed, 
transversely oblong-suboval, whitish, iridescent, concentrically wrinkled; 
basal edge arquated, not rectilinear opposite to the beaks; hinge teeth 
two, larger one emarginate; posterior tooth but little elevated; anterior 
tooth obsolete; beak placed behind the middle." Say, 1883. 
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This species occurs infrequently in the Maryland Pleistocene. In the 
Becent it ranges from Cape Gasp4 to the Barbadoes. 

Width, 10 mm. ; height, 6 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and TJ. S. N'ational Museum. 

Genus MACOMA Uach. 
Maooha oalcabea (Gmelin). 

TelHna calcarea Gmelin. 1792, Syst. Nat. vol. vl, p. 3236. 
Macoma calcarea Dall. 1900, Trans. Wagner Free lust Scl., vol. Ill, pt. v, 
p. 1046. 

Description. — " T. testa ovali alba, cardinis dente primario in altera 
valve &BBO, alterius fovea insuto." Gmelin, 1793. 

Only a few fragments of this large Macoma have been found in the 
Maryland Pleistocene. It is distinctly a boreal type, having been found 
only io hi^ latitudes in the Pleistocene both on the shores of the Atlan- 
tic and Pacific oceans. In the Recent it ranges from the Arctic regions 
in the Atlantic southward to laag Island Sound and in the PaciHc to 
Oregon and northern Japan. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County ; Port Covington, Baltimore. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 

Macoma balthica (Linn6). 
Plate LVI, Figs. 7-10. 
TelHna ttaltkica Uan4^, 1TG8, Syet. Nat., ed. z, p. 6TT. 
Macoma futca Holmee, 1858. Post-PI. Fob. S. C, p. 48, pi. vlll, llg. 6. 
Uacoma balthica Dall, 1889, Bull. U. 3. Nat. Mus., No. 37, p. 60, pi. Ivl, fig. 6. 
Maeovia balthica Dall. 1900, Trans. Wagner Free Inst. Scl., vol. HI, pt. v, 

p. 1051. 
Description. — " T. testa subrotunda Isevi extus incamata." Linne, 
1758. 

This very common form has been described under various names. 
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American authore for the most part not regarding the American speci- 
mens referable to the European species M. balthtca. Dall who has care- 
fully studied the species, however, regards them as the same. 

This species has been found in the Pleistocene along the coasts of the 
North Atlantic and Pacific oceans extending in America as far south as 
South Carolina. In the Recent it is found in all arctic and boreal seas 
extending as far south as Georgia in America and to the Mediterranean 
in Europe. 

Width, 33 mm. ; height, 85 mm. 

Occurrence. — Talbot Fohmation. Wailes Bluff near Cornfield Har- 
bor, St Mary's County, 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and IT. S. National Museum. 

Family PSAMMOBIIDAE. 

Genus TAGELUS Gray. 

Taqelds oibbus (Spengler). 

Plate LVII. 

Solen oibbua Spengler. 1794, Skrtft. Nat Selsh. vol. 111. pL 2. p. 104. 

Bolecurtut caribceut Conrad. 1S31, Amer. Mar. Conch., p. 22, pi. Iv, Og. 3. 

SlMQiMiria oaribiEa Holmes, 1S58, Poet-PL Fob. S. C, p. 64, pi. vUl, Be. 14. 

Tagelui gibbut Dall, 1900. Trans. Wagner Free Inst. Scl., vol. Ill, pt. v. 

p. 983. 

Description. — " Solen gibbus, testa lineari, valvula antice et postice 
gibbos-lineari obliqua," Spengler, 1794. 

This species was figured by Lister in Hist. Conch, Tab. 421, Fig. 365. 

Xumerons nearly perfect specimens of this interesting species occur 
in the Maryland Pleistocene. It makes its first appearance in the Miocene 
of "Virginia and continues ita existence through the Pliocene of South 
Carolina und Florida. Iq the Pleistocene it is found in Massachusetts 
(New Bedford), Maryland, and South Carolina and Dall also reports it 
from Florida and the Gulf coast. In the Recent it ranges from Cape Cod 
southward to Florida and to Brazil, and it also occurs on the west coast of 
Africa as well as on the British coast. 

Wi'dth, 8.3 mm. ; height, 3S.5 mm. 
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Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, and T^nglejB Bluff, St Mary's Coanty. 

Collections. — Karjland Geological Survey, Johns Hopkins University, 
and IT. S. N'ational Museum. 

Superfamily VENERACEA. 
Family PETRICOLIDAE. 

Genus PkTRlCOLA Lamarck. 

Peteicola pholadifoemis Lamarck. 

Petricola pholadiformis Lamarck, iSlS, An. S. Vert, vol. t, p. 50S. 

Petricola pholadiformis Holmes, 1S6S, Post-PL Fob. S. C, p. 38, pi. tII, fig. 6. 

Petriaola pholadiformU Dall, 1889, BulL U. S. Nat. Mna., No. 37, p. 58, pL 

llx. fig. IE; pi. IxlT. fig. 140a. 
Petricola (Petricolaria) pholcKlitormU Dall, 1900, Trans. Wagner Free Inst. 

ScL, vol. HI. pt. V, p. lOSl. 
Description. — " P. testa transversim elongata, latere poetico breviasimo, 
sulcis longitudi nail bus lamelloso-dentalis utriuque rediata; antico sub- 
glabro." Lamarck, 1818. 

A single broken shell of this species has be^i found in the Maryland 
Pleistocene. It ranges in the Pleistocene from Massachusetts to South 
Carolina, and in the Recent from Prince Edward Island to Florida, to 
St. Thomas in the West Indies, and to Nicaragua, ajid to other portions 
of the Antillean r^ion. 

Occvrrence. — Talbot Formation. Wailes Bluff near Cornfield Ha;- 
bor, St. Mary's County. 

Collections. — U. S. National Museum. 

Family VENERIDAE. 
Subfamily VENERINAE. 

Genus VENUS (LinnS) Lamarck. 

Venus uercenaria Linn^. 
Plates LVIII, LIX. 
Tenua mercenaria Llnne, 1758, Syst. Nat., ed. i, p, 686. 
ilercenaria violacea Holmes, 1858, Poat-Pl. Foa. S. C, p. 33, pi. vl, flg. 11. 
Uercenaria notata Holmes. 1858, Poat-Pl. Fos. S. C, pp. 34, 36, pi. vi, flg, 13. 
Venus mercenaria var. notata Dall, 1903. Trans. Wagner Free Inst. ScL, 
vol. ill. pt. vl, pp. 1311-131B. 
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Description. — " V. testa cordata solida transTerse subBtriata Isvi, ntar- 
gine crennlate, intus violacea, ano ovata." Linn^ 1758. 

This widespread apecies is very common in the Maryland Pleistocene. 
It is fotmd widely in tiie Miocene of the Atlantic Coast from MasBachn- 
settB (Gay Head) to Florida, in the Pliocene of the Carolinas and Florida, 
and in the Pleistocene from MassachnBetts to South Carolina. It ranges 
in the Beeent from tiie Gulf of St. Lawrence to the Florida Kej-s and 
westward to Texas. 

Width, 137 mm.; height, 117 mm,; thicknees, 76 mm. 

Occurrence. — Talbot Foruation, Wailes Bluff near Cornfield Har- 
bor, St Mary's County, 

Collections. — Mar}'land Geolo^cal Survey, Johns Hopkins University, 
and U. S. l^ational Museum. 

Superfamily LEPTONACEA 

Family LEPTONIDAE. 

Genus AUGENA H. C. Lei. 

Aliobna blevata (Stimpson). 

Plate liX, Figs. 1-4. 

Montaaita elevata Stlmpaon, 1851, Shells of New England, p. 16. 

Telllmya elevata Dftll, 1889, Bull. U. S. Nat. Mus., No. 37, p. 50. pi. IxvlU, 

ag. 6. 
Alifiena elevata Dall, 1900, Trans. Wagner Free lust Set., vol. HI, pt v. 

p. 1177. 
Description. — This species was referred by Gould to M. bidentata Angl. 
Stimpson, who described the species in 1851, states: "It differs from 
M. bidentata in the position of the beaks, and in its proportions." 

This species has been found in the Pleistocene of Massachusetts ( Pt 
Shirley) and of Maryland, and in the Recent is chiefly confined to the 
coast between Cape Cod and New Jersey. 
Width, 3 mm.; height, 2.5 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey, Jolms Hopkins University, 
and U. S. National Museum. 
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Order PRIODESMACEA. 

Superfamily MYTILACEA. 

Family MYTILIDAE. 

Ginus MYTILUS Bolteti. 
Section HORMOMYA Mi^h. 
Mytilds hamatus Say. 

Plate LX, FigB. 5, 6. 

Mytihu AomattM Say. 1S32. Jour. Acad. Nat. Scl. Phlla., vol. 11, let aer., 
p. 2eE. 

Mytilua fMmaUu Dall, 1S89, Bull. U. S. Nat. Mus., No. 37, p. 3S. 

Mytttu* (Bormomya) hamatut Dall. 1S9S, Trans. Wagner Free Inst. Scl., 
vol. Ill, pt It. p. 789. 

Description. — "Shell very much contracted ajid incurved at the base, 
which is acute; valves etriated on every part of the exterior with longi- 
tudinal, elevated lines, which are bifid and sometimeB trifid towards the 
tip; color dark fuscous; within dark purpnrescent, with a whitish mar- 
gin." Say, 1823. 

The earliest occurrence of this species is in the Pliocene of Florida. 
It has been found in the Pleistocene of Massachusetts and Maiyland and 
in the Recent ranges from Long Island southward to Costa Rica. . 

Width, 80 mm. ; height, 33 mm. 

Occurrence. — Talbot Fobmation. Wailes Bluff near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and V. 3. Kational Museum. 

Superfamily NAIADACEA. 
Family UNIONIDAE. 

G«nus UNIO Relzius. 

TTnio comflahatus (Solander) Dillwyn. 

Plate LX, Figa. 7-11. 

Mya complanattt Solander. No. date, Ms. tn tbe BrlUah Museum. 

Mya complanata IMIIwyn. ISIT, Cat. I, p. 61, 

Unio complonatua Slmpeon, 1900, Proc. U, 8. Nat Mub., vol. xxll, pp. 720-726. 
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Description. — " Shell ovate compressed, with the front margin straight, 
and obliquely truncated toward the cartilage-slope. Hinge with the pri- 
mary teeth 3-3ides and striated Shell rather more than two 

inches long, and about three and one-half inches broad. The substance 
is thick, the beaks decorticated, and the inside of a rose color." Dillwyn, 
1817. 

A few specimens of this common fresh-water clam have been found 
apparently in the same bed with the marine Pleistocene fossils at Lang- 
leys Bluff and Wailes Bluff in Bouthern St, Mary's County, Casts of a 
Unio in apparently purely fresh-water beds at Bodkin Point, Anne Arun- 
del County, may also belong to the same species. It is not re- 
ported from other Pleistocene localities. In the Recent it has an exten- 
sive range in the fresh-waters of the eastern United States. 

Width, 58 ram. ; height, 35 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor; Langleys Bluff, St. llary's County; at mouth of Back River, 
Baltimore County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Superfamily OSTRACEA, 
Family OSTREIDAE. 

Genus OSTREa Lamarck. 
OsTREA viRGiNicA Gmelln. 
Plates LXI, LXII, LXIII. 
Ostrea virginiaTia of Iilster and other Donblnomlal writers, 
Ostrea virginica Gmelln. 1792, Syst. Nat., p. 3336. 
Ostrea fvndata Holmes, 1858. Poat-Pl. Fob. S. C. p. 11, pi. ti, flg. 10. 
Oftrea virginica Dall, 1889, Bull. U. 8. Kat, MuB., No. 37, p. 32. 
Oilrea virginica Dall, 1898, Trans. Wagner Free Inst. Soi., vol. Ill, pt. iv, 
p. 687. 

Description. — " 0. testa subtequivalvi cras.-fa rudi lamellosa ; valvs al- 
terius rostro prominente." Gmplin, 1792. 

The common oyster occiivi' in frrnit nrniliors in the Maryland Pleisto- 
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cene at Wailes Bluff, St. Mary's County, and at Federalsburg, Caroline 
County. At tiie former locality a thick bed packed with the shells is found 
overlying the distinctly marine clays below. 

This species probably does not appear prior to the Pliocene at which 
horizon it occurs in Florida. In the Pleistocene it has been found at 
numerous pointa from Prince Edward Island to Florida and Texas, and 
also in California. In the Kecent it is known on the Atlantic coast from 
Prince Edward Island south to Florida and west to Mexico, on the Pa- 
cific coast near the head of the Gulf of California. 

Occurrence. — Talbot Fobmation. Drum Point, Calvert County; 
Wailes Bluff near Cornfield Harbor, and on shore opposite Solomon's Is- 
land, St, Mar>''B County; Federalsburg, Caroline County; and Easton, 
Talbot County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 



Superfamily ARCACEA. 

Family ARCIDAE. 

Subfamily ARCINAE. 

Genus ARCA (Unne) Lamarck. 

Subgenus NOEtIA Gray. 

AbCA (NoeTIa) P0NDEB08A Say. 

Plate LXIV, Figs. 1-6. 

Area ponderota Say, 1822, Jour. Acad, Nat, Scl. Pbfla., vol. il, lat ser, 

p. 267. 
Area ponderoaa Holmee, 1S58, Fost-Pl. Foe. S. C„ p. 21, pi. Iv, flge. 4, 4a. 
Area (Soetia) ponderota Dall, 1898, Trans. Wagner Free Inst Sol., vol. lil, 

pt. Iv, p. 633. 

Description. — " Shell somewhat oblique, very thick and ponderous, 
with from twenty-five to twenty-eight ribs, each marked by an impressed 
line; interstitial spaces equal to the width of the ribs; umbones very 
prominent; apices remote from each other, and opposite to the middle of 
the hinge, spaces between them with longitu;1inal lines as prominent as 
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their corresponding teeth; anterior margin cordate, flattened, distin- 
guished fom the disk by an abrupt angular ridge; posterior edge rounded, 
very short; inferior edge nearly rectilinear, or contracted in the middle." 
Say, 1833. 

" This is the type of the subgeouB. In this species the beaks are more 
nearly in the middle than in either of the others. [A Umula Conrad and 
A. indie Say]. The ligament does not occupy the whole of the cardinal 
area, and the greater portion of it is in front of the beaks and strongly 
transversely striated. The borders of the adductor scars are sometimes 
marked by an elevated ridge as strong as in many Cucullasas." Dall, 1898. 

This large speciea is not as common as A. transversa, but is by no 
means a rare form. It has been found in the Pleistocene from New 
Jersey to Florida and in the Recent ranges from Cape Cod to Yucatan, 

Width 63 mm. ; height, 50 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and U. S. National Museum. 

Subgenus SCAPHAPCA (Cray) Dall. 

Abca (Scafhabca) tbansversa Say. 

Plate LXIV, Figs. 7-10. 

Area trantveraa Sar. 1822, Jour. Acad. Nat. Scl. Phlla., vol. II, Ist ser., p. 

269. 
Area tratuveraa Conrad, 1S32, F08. Tert. Form., p. 15, pi. 1, flg. 2. 
Area traneverta Holmes, 18GS, Poet-Fl. Fos. S. C, pp. 21, 22, pi. It, figs. 

6. 6a. 
Area (Scapfiarca) trantverta Dall, 1889, Bull. U. S. Nat. Hub., No. 37, p. 40, 

pi. Ivl, flg. 2. 
Area /Bcapharcaj traniveraa Dall, 1898, Traae. Wagner Free Inst. Scl., vol. 

Ill, pt It, p. 6K. 

Description. — " Shell transversely oblong, rhomboidal, with from 

thirty-two to thirty-five ribs, placed at nearly the length of their own 

diameters distant from each other; apices separated by a long narrow 

space, and situate at the termination of the posterior third of the length 
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of the hinge margin; extremities of the hinge margin angulated; an- 
terior edge, superior moiety rectilinear; posterior edge rounded; inferior 
edge nearly rectilinear, or very obtusely rounded ; on the hinge space one 
or two angulated lines are drawn from the apex, diverging to the hinge 
line." Say, 1822. 

Thig common form is first known from the Pliocene of Florida. In 
the Pleistocene it ranges from Massachusetts to Florida, and in the Re- 
cent from Cape Cod south to Florida and west to Mexico. 

Width, 21.5 mm.; height, 8 mm. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County; Pederalaburg, Caroline County. 

Collections. — Maryland Geological Surrey, Johns Hopkins University, 
and TJ. S. National Museum. 

Superfamily NUCULACEA. 
Family NUCULIDAE. 

Genus NUCULA Lamarck. 
Ndoola proxiua Say. 
Plate LXV, Pigs. 1-4. 

NuouUt obliqua Say, 1S20, Amer. Jour. Sol., vol. 11, p. 40; not of Lamarck 

1819. 
Nwmla proximo Say, 1822, Jour. Acad. Nat. Sci. Phtla., vol. 11, 1st ser., 

p. 270. 
Nucvla proTima Holmes, 1S68. Post-PI. Foe. S. C, p. 17, pi. 3, Bg. 6. 
Nuoula promyna Dall. 1889, Bull. U. 8. Nat. Mus., No. 37. p. 42. pi. xvl. flg. 4. 
Nucula proximo Dall, 1898, Trans. Wagner Free Inst. Scl., vol. Ill, pt. 4, 

p. 674. 

Description. — "Valves obliquely sub-triangular, obsoletely striate 
transversely, one or two of the strise more conspicuous; numerouB, hardly 
perceptible longitudinal striie; anterior and posterior lines form- 
ing an acute angle; umbo obtuse; apex acute; teeth angulated, promi- 
nent, cavity at the apex of the hinge profound, rather long; basal mar- 
gin denticulatocrenate. Greatest length one-fifth of an inch." Say, 
1820. 

Dall mentions the fact that Say's type was obtained from the southern 



dbyGoogle 



808 SYSTEMATIC FALEOKTOLOOT 

coast and differs from the northern forme and those found in the fossil 
state. The latter, he says " are almost smoothly truncate behind, the es- 
cutcheon is not impressed to any marked degree, and there la no angle 
at the margin helow the escutcheoa." To these forms he has given the 
varietal name of tmaculus. He thinks that the fossil forms correspond 
to the cooler temperature of the sea in geological time. 

The earliest appearance of this species is in the Miocene of New Jer- 
sey, Maryland, and Virginia. It is found in the Pliocene of South 
Carolina and Florida, and in the Pleistocene of Maryland and South 
Carolina. In the Becent it ranges from Nova Scotia to Florida. 

Width, 4.5 mm, ; height, 4 mm. 

Occurrence. — ^Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins TJniversi^, 
and U, S. National Museum. 



Genus LEDA Schumacher. 
Lbda acuta (Conrad), 
Plate LXV, Pigs. 5-8. 
Nticula acuta Conrad, 1832, Amer. Mar. Conch., p. 32, pi. vl, Bg. 1. 
Nucula acuta Conrad, 1846, Fossils Medial Tertiary, p. 67, pi. xxz, flg, 2, 
Nucula acuta Holmes, 1858, Post-PI. Fob. S. C, p, 16, pi. Ill, flg. 7, 
Leda acuta Dall, 1889, Bull. U. S. Nat Mua., No. 37, p. 44, pi. vU. flgs. 3 and 

8; pi, xlv, flg. 15; pi. Ixlv, Og. 140. 
Leda acuta Dall. 1898, TrauB. Wagner BYee Inst Scl., vol. HI, pt. 4, pp. 

592, 693. 
Description — " Ovate-lanceolate, ventricose, with prominent concen- 
tric strife; anterior side longest, rostrated, compressed, acute at the ex- 
tremity, which is lightly recurved; anterior submargin carinated; pos- 
terior end acutely rounded; basal margin profoundly curved, slightly 
sinuous near the anterior estremity, obliquely subtruncated towards the 
posterior extremity." Conrad, 1845. 

This very widely distributed speciee shows much variation in external 
pculpture, the striBs at times partly disappearing and at other times be^ 
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comiBg very pTonoimced. It ia a very old fonn, appearing in the Oligo- 
cene of Florida. It haa been found in the Miocene of Maryland, Vir- 
ginia, and the Carolinae, in the Pliocene of the Carolinas and Florida, 
and in the Pleistocene of Maryland and South Carolina. In the Becent 
it occiiTs on the Bontheast coast of the United States, in the AntilleB and 
on the coast of California. 

Width, 7 mm. ; height, 4 mm. 

Occurrence. — Talbot Pobkation. Wailee Bluff near Cornfield Har- 
bor, St Mary's Connty. 

CoUectiona. — Maryland Geological Surrey, Johns Hopkins Univenil;, 
and TJ. S. National Mnseum. 



Genus YOLDIA MoUer. 

TOLDiA LiUATin^ (Say). 

Plate LXV, Pigs. 9-12. 

JiucuJa limalula Bblj, ISSl, Amar. CoDch., pi. xll. 
Leaa lintatiila Holmes, 1868, Poet-Pl. Foa. a. C, p. 18, pi. Ill, fig. 8. 
LeOa (YoJdia) limatula Dall, 18S9, Bull. U. 9. Nat Has., No. 37, p. 44, pi. 
zllx, flg. 6; pL iTi, flg. 1. 

Description. — "Oblong-ovate, rostrated, pellucid; beaks subcentral, 

not elevated; margin entire Shell tranSTeroely elongated eub- 

ovate, green olive, neariy pellucid, smooth, polished, with slight indula- 
tions [sic] of increment; beaks not prominent above the curve of the 
hinge margin; hinge margin anteriorly abruptly compressed; the com- 
pression not reaching the tip; rectilinear nearly to the tip whicli is a 
little recurved ; posteriorly almost regularly, but obtusely arquatfid ; pos- 
terior margin regularly rounded: anterior margin somerhat rostrated, 
not truncated : within a little perloceous : margin entire : line of the teeth 
slightly interrupted and a little angulated at tiie fosslt, extending more 
than two-thirds of the length of the shell, rectilinear before and behind : 
teeth prominent, numerous, acute, much angulated at their bases and 
longer than the breadth of their bases: fossit triangular, short, rather 
small, and but little oblique," Say, 1831. 
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Dall states that Y. Itxvis Say of the Miocene of the Atlantic coa«t is 
probably the onceetor. It hae certain constant diSerences, bnt is very 
closely allied. 

Y. limalula is reported by Dall from the Pliocene of North Carolina. 
It has been found in the Pleist^icene of Uaryland and South Carolina. 
In the Becent it is widespread along the shores of the North Atlantic, 
being found in Norway, and south on the American coast as far as Gape 
Hatteras. It also occnn on the west coast of North America. 

Occurrence. — Talbot Fobmation. Wailes Blufl near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey, Johns Hopkins University, 
and n. S. National Museum. 



MOLLUSCOIDEA. 
CLASS BRYOZOA. 

OrderCHILOSTOMATA. 

Family MEMBRANlPORIDv^. 

Genus MEMBRANIPORA BUinville. 

Membeanipora oblongdla Ulrich and Bassler. 

MembTanipora oblonffuUt Ulrich and Bassler, MarylaDd Geol. Surv., Ulo- 
cene. 1904, p. 407, pi. fflt, figs. 2-6. 

Description. — " Zoarium incrusting, forming delicate expansions often 
of considerable extent over shells of inoliusca and other foreign objects; 
occasionally in superimposed layers. Zoceeial apertures arranged in 
longitudinal aeries, usually elongate, occupying the entire opesium, the 
length often nearly or quite twice the width ; when normally developed, 
elongate, ovate or aubquadrate but contingencies of growth and develop- 
ment cause many variations without, however, ever seriously affecting the 
general plan of the specific characteristics; measuring longitudinally 10 
or 11 in 5 mm., transversely the average is about 10 in 3 mm. Wall 
varying in thickness, usually about two-thirds the width of the opesium. 
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rarely leas, and often much thicker, the extremes observed being shown 
in illustratione ; snrface of wall with delicate transverse atrite, usually 
sharply rounded or angttlor in the middle, but when very wide the 
median lino is depressed. Numerous thin spines project from the 
walls into the apertures but they are usually confined to the posterior 
half or two-thirds of the opening." Very abundant in the Miocene de- 
posits of Maryland; less abundant la the Talbot formation. 

Occurrence. — Talbot Fobuation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's Coun^. 

Collections. — Maryland Oeological Survey, 

Mehbranipora qerhana Ulrich and Baesler. 
ir«n)(>rijnlpora 0«rmana Ulrich and Bauler, Marrland Oeol. Burr., Hlocene, 
1904, p. 410, pi. cxl, flgs. 8-9. 

Description. — " 2joarinm forming a delicate crust upon foreign bodies, 
the largest seen being lees than 1 cm. in diameter. Zocecia shallow, 
arranged in curved radiating lines in which about 6 occur in 3 mm.; 
measuring transversely, 11 to 12 of the rows in the same space, Opeda 
large, more or less elongate-ovate, the length and width usually as 3 is 
to 3, separated laterally from their neighbors by about half of their width, 
enclosed by a ring-like thickening formed by a furrow separating ad- 
joining zocecia. At somewhat irregular intervals, the iuterzotecial space 
widens and is occupied by a rounded cell that may have lodged some 
kind of avicnlarium. These cells vary greatly in size but are always 
considerably smaller than tiie true zocecia. Occasionally the front margin 
of the zocecium is more elevated than the rest of the circumference. No 
ovicells observed," 

The Bpeeimens from the Talbot formation identified with this Miocene 
species agree in all respects with the original types save that the zocecia 
are a trifle more elongate. This difference appears to be of not even 
varietal importance, so that for the present it seems best to refer these 
specimens as above. 
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Occurrence. — Talbot Formation. Wailee Bluff near Cornfield Har- 
bor, St. Mary'e County. 

Collections. — Maryland Geological Surrey. 



Mehbkanipora PABTin^ Dlrich and Baaeler. 



Description. — " In its general zoarial and zo<Bcial charactera this 
species resembles M. germana and M. plebeia Oabb and Horn, but it 
is readily diatiuguished by tbe smaller size and less elongate form of its 



FiQ. 10. — Portions of the surface of Membranipora parvula. X 22. 

zocecia. The walls also are lelatirely tiiicker while the longitudinal 
arrangement of the zooecla is more pronounced. Measuring longitudinally, 
8 zoceda occur in 3 mm. and transversely 12 may be counted in thft 
same space." 

Occurrence. — Talbot Fohmation. Wailes Bluff near Cornfield Har- 
bor, St, Mary's Counly. 

Tbe specimen figured is unusual in that the opeslum is more con- 
tracted than in {ypical specimens. Originally described from the 
Miocene deposlta of Maryland. 

Collections. — Maryland Geological Survey. 
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COELENTERATA. 

CLASS PORIFERA. 

Subclass SILICISPONGIAE. 

Order HADROMERINA. 

Suborder CLAVULINA. 

Family CLIONIDAE. 

Genus CLIONA Grant. 

CuoNA BULFHCBEA (Deeor) Verrill. 

Plate LXVI, Figs. 1-6. 

Eponpia aulphurea Deaor, I84S, Proc. Bostoo Soc. Nat. Hist, vol. ill, p. 6S. 

CHona aulphurea Verrill, 1ST3, Invert. ADlmala Vineyard Sonnd, Rept 

Com. Fiab and Fleherlea, pp. 421, 744. 
Oliona nUpJiurea VerrlU, ISTS, Amer. Jour. Scl., 3rd aer., voL stI, p. 406. 

Description. — " A bright sulphur-yellow species, growing into hemi- 
spherical or irregular, massive forms, of firm texture, the surface cov- 
ered with scattered, low, wart-like, soft prominences, about an eighth of 
an inch in diameter, which contract when the sponge is dried, leaving 
shallow pits. The sponge commences as a boring species, on various dead 
shells, and as it grows it penetrates the shells in every direction, forming 
irregular holes and galleries, which continue to grow larger as more and 
more of the substance of the shell is absorbed, until the shells are reduced 
to a completely honey-combed, brittle mass, or a mere skeleton; finally 
the sponge begins to protrude from the surface, and grows up into mam- 
milliform masses, or small, rounded crusts, which continue to grow and 
spread in every direction, until finally they may form masses six or 
eight inches in diameter, with the base spreading over and enveloping 
various dead shells, pebbles, and the coral, Astrangia Dana, though it 
often happens that the living specimens of the latter grow upon the 
sponge. Owing to the remarkable boring habits of this and other allied 
sponges, they are very important in the economy of the sea, for they are 
the principal agents in the disintegration and decay of the shells that 
accumulate over the bottoms, thus performing the same function in the 
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aea that fungi and insects perform on tiie land— the remoTal of dead 
organisms that otherwise would accumulate m vast quantities. In this 
work they are aided, in most regions, either by certain boring Annelids 
{Dodecacerea, &c.,) or by various boring mollusks {Lithodomtis, Pholaa, 
Qastrocluma, Sec), but the greater part of this work seems to be effected 
by the sponges." Verrill, 1873. 

The borings of this species are very common in the oyster shells of the 
Maryland Pleistocene. Some of the shells are ao thoroughly honey- 
combed that they fall to pieces when touched. 

Some of the borings found in the shells of Tertiary age may well be 
those of this species. There is little doubt regarding the Pleistocene 
forms and Professor Verrill has referred the borings in the oyster shells 
from the Pleistocene at Sankoty Head to this species. In present seas it 
has been found ranging from Cape Cod to South Carolina and locally 
has been recognized at more northern localities. 

Occurrence. — Talbot Formation. Wailes Bluff, St. Mary's County; 
Pederalsburg, Caroline County. 

Coll«ctions. — Maryland Geological Survey, Johns Hopkins University, 
tJ. S. National Museum. 



PROTOZOA. 

a»ss RHIZOPODA. 

Order FORAMINIFERA. 

Suborder VITRO-CALCAREA. 

Family LAGENIDAE. 

Genus LACENA Walker. 

Laoena OI.OB0SA (Montagu) 

Plate LX¥I, FigB. 7-9. 

Termiculvm gloioaam Montagu, 1803, Test. Brit., p. 523. 

Lagena oloboia Brady, 1S84, Chal. Kept., vol. Ix, p. 453, pi. Ivl, Bga. 1, 2, 3. 

La^ena globosa BaEg. 1333. Bull. Amer. Faleont, vol. 11, No. 10, p. 23. 
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Description. — " Test Bubglobular, elliptical or pyriform, smooth, an- 
terior margin Bomewbat projecting; cells walle thin, hyaline, aperature in 
an entoeolenian neck; length 3.00 mm., breadth 1.50 mm." Bagg, 1898. 

Occurrence. — ^Talbot Formation. Wailea Bluff near Cornfield Har- 
bor, St. Mary's County. 

CoUection. — Maryland Geological Survey. 

Genus CRISTELLARfA Umarck. 

Ceistellaku eotdlata (Lamarck) 

Plate LXVI, Fig. 10. 

LenttculUei rotulata Lamarck,, 1804, Ann. du MuMum, vol. t, p. 188, No. 3; 

Tablean Bncyc et Meth. pi. cccclivf, fig. g. 
OrUtellarla rotulata Parker A Jones, 186S, Phil. Trans., vol. civ, p. S45, pL 

xlll, fig. 19. 
CrUtellaria rotulata Bagg, 1898, Bull. Amer. Paleont, vol. II, No. 10, p. 27. 
Description. — " Teat involute, biconvex, smooth, peripheral margin 
sharp, noncarinatc, chambers numerous, eight or nine in the last convo- 
lution; septa moderately curved, visible e.\t«mally ae tine lines; aperture 
elliptical, radiate." 

" The genus Cristellaria, although found so abundantly in the Kew 
Jersey Cretaceous seems to be rather rare in the Atlantic Slope Tertiary 
and is represented by only a few species." Bagg, 1898. 

Occurrence. — Talbot Fobmation. Wailee Bluff near Cornfield Har- 
bor, St. Mary's County, 
Collections. — Maryland Geological Survey. 

Family ROTALIDAE. 

Genus R0TAL1A Lamaick. 

Botalia beccarii (Lamarck) 

Plate LXVI, Figs. 11-13. 

yautilus beccarii Llnne, 1767, Syst. Nat., ed. 12, p. 1162; Ibid. ed. 

(Omelfn's) 13. p. 3370, No. 7. 
Rotalia beccarii WllllainBon, 18ES, Rec. Foram. Gt. Brlt.z, p. 48, pi. Iv, figs. 

90-92. 
Rotalia beccarii Parker * Jones, 1S6S, Pblt. Trans., vol. civ, p. 388, pi. xvl, 

figs. 29, 30. 
Bo(oHa fieccorii Bagg, 1898. Bull. Amer. Paleont., vol, II, No. 10, p, 38, pi. 
ill, flgB. 3a, 3b, 3c. 
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Description. — "Teat finely porom, formed of a nearly circular low 
tnrbmoid Bpire, peripheral margin lobulated, obtusely rounded; chambers 
numerous, ten to forty, somewhat inflated, about ten in the final convo- 
lutioQ, and separated by depressed nearly straight septal lines. CoutoIh- 
tions about three, inferior surface thickened, and often beaded with ex- 
ogenous granules at the umbilicufl. Aperture a notched, subdivided 
opening or a series of pores at the inner m&rgin of tiie ultiDiate chamber. 

" Diameter 0.34 — 0.74 mm. 

The above species is a shallow water form and is rather common in the 
Pleistocene formation at Cornfield Harbor." Bagg, 1898. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St. Mary's County. 

Collections. — Maryland Geological Survey. 

Family NUMMULINIDAE. 

Genus POLYSTOMELLA D'Orbigny. 

POLTSTOMBIXA STBIATOPUNOTATA (Pichtel & Moll). 

PUte LXVI, Figs. 14, Ifi. 

NaittOv* itriatopunctata Flchtel and Moll 1803, Teat Ulcr., p. fll, pi. Iv, 

flgB. 8-e. 
Polystomella gtriatopunctata Brad;, 1884, Clial. Rept., vol. iz, p. 733, pi. clz, 

flga. 22, 23. 
PolyatonieUa ttriatopunctata Bage, 1898, Bull. Amer. Poleont, vol. 11, No. 

10, p. 41, pi. 11, figs. 6a, 61). 

Description. — " Test rounded, both sides equally compressed, peripheral 
margin obliquely rounded, becoming somewhat lobulated near the ulti- 
mate chamber; segments triangular, ten in the last volution separated by 
straight, slightly depressed septal lines which are in the shape of bridges 
marking the retral process of the shell; umbilicus very slightly depressed, 
septal plane nearly round, aperature in the form of a series of pores or 
openings along the inner margin of the ultimate segment" 

" Diameter 0.26— 0.78 mm." Bagg, 1898. 

Occurrence. — Talbot Formation. Wailes Bluff near Cornfield Har- 
bor, St Mary's County. 

Collections. — Maryland Geological Survey. 
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PTERIDOPHYTA. 

Order FILICALES. 

Family OSMUNDACEAE. 

Genus OSMUNDA Unne. 

OSMDNDA sp. ? 

Plate LXVII, Fig. 3. 

Detcripiion. — This epecimeii U one of the many massee of rootlets, at- 
tached to rhizomes, which occur in abundance in a black clay at the baee 
of the bluff at Tally Point. Dr. L M. Underwood, of Columbia Uni- 
versity, to whom they were submitted, decided imhesitatingly that they 
were the rootlets and rhizomes of some fern, most probably an Osmunda. 
It was found impoesible to separate them from the matrix without break- 
ing, either when wet or dry, hence they are shown in the figure exactly 
as collected and subsequently preserved. 

Occurrence. — ^Talbot Formation. Tolly Point (Bay Eidge) Anne 
Arundel County. 

GoUectiona. — Maryland Geological Surrey. 



SPERMATOPHYTA. 
CLASS GYMNOSPERMAE. 

Order CONIFERALES. 

Family PINACEAE. 

Genus PLNUS Linne. 
PiNUS ECHIKATA Mill. 

Plate LXVII, Fig. 1. 
Fintu ecltinata Mill, 1T6S. Gard. Diet. ed. 8. No. 12. 
Description. — Cones of this species oeeur in abundance in the swamp 
debris at Bodkin Point, Thoy are generally more or less flattened and 
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aie in the conditioD of brown lignite. The pricklee do Dot aeem to have 
been preBerved in any instance. 

Occurrence. — Talbot Fohication. Bodkin Point, Anne Amndel 
Cmaity. 

ColUctions. — Maryland Geological Surrey. 

PiNcs BTBOBDB Linn4. 
Plate LXVII, Fig. 2. 
Piniu ttrotnu UnoS, 1763, Sp. PL, p. 1001, 

DeacripiioH. — Only a single specimen of this species was found, which 
is the one here figured. It« condition is similar to that of the preceding 
species, with which it was found. 

Occurrence. — Talbot Formation. Bodkin Point, Anne Amndel 
Conn^. 
Collectiona. — ^Maryland Geological Surv^. 

PiNUS sp. ? 

Description. — Numerous seeds, detached cone scales, and fragment of 
bark occur at Bodkin Point and Grace Point, in regard to which generic 
determination only can be made. 

Occurrence. — Talbot Fobmation. 

CoUectiong. — Maryland Geological Surr^, 

Genus TAXODIUM Rich. 

Tazodidh distichum (L.) L. C. Rich. 

Plate LXVIII, Figa. 1, 2. 

Taaodivm aUtichnm L. C. Rich., ISIO, Ann. Mu9., Farts, vol. xvl, p. 298. 

Description. — Amongst the most abundant remains in the debris of 

the buried swamp deposits are the branches, trunks, knees and cone scales 

of Taxodium. The presence of numerous stumps in place, with the knees 

attached, indicates that at these places there were typical cypress swamps, 

in which these trees made up a large part, if not the bulk of the v^eta- 

tios. 
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Fig. 1 repreBenta a knee, reduced to about one-fifth natural size, which 
was detached from one of the stumps standing exposed on the beach at 
Bodkin Point 

Fig. 2 represents a " burl " or excrescence, reduced to about one-half 
natural size, which was broken from one of the branches dug out of the 
mass of debris at the baee of the blufF at the same place. 

Occurrence. — Talbot Fokuation. Bodkin Point, Grace Point, and 
Pond Neck. 

Collections. — Maryland Geological Sury^. 

Genus SEQgOIA Endl. 

Seqdoia anqdstifolia Lesq. 

Plate LXXI, Figs. 16, 17. 

Sequoia aninuUTolia Lesq., 1872. Ann. Rept U. S. Qeol. and Oeog. Surv. 

Terr., p. 372. 
Sequoia anatistifoHa Lesq., 1878, Tert FL, p. 77, pi. vll, flga. 6-10. 
Bequoia anguttifotta Lesq., 1SS3, Cret. and Tert Fl., p. 240, pi. 1, flg. G. 

Degcription. — These specimens are referred provisionally to this species, 
for the reason that they also resemble very closdy a number of figures 
which have been identified as the closely allied apedes 8. langsdorfi 
(Brgt.) Heer, so that it is a matter of considerable difficulty to decide 
between them. Beer's figure of the latter (Fl. Tert. Helvet., vol. i, pi. 
xxi, fig. 4) is practically indistinguishable from the former and both are 
very similar to several forma of Taxodium, closely related to the living 
T. distichum (Linn6) L. C. Bich, which, however, are still either more 
delicate or have leaves which are blunter than those from Maryland. A 
specimen apparently identical is figured by Knowlton (18th Ann. Eept. 
U. S. Geol. Survey, Pt. 3, pi. xcix, fig. 4) and referred provisionally to 
8. angiustifolia, but he saya (p. 723) "It is likely that in a revision of 
American fossil Sequoias this will have to be made a new species, unless 
it can be correlated with some known form." 

Occurrence. — Sdndbhland Formation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — Maryland Geological Survqr. 



dbyGoogle 



880 SYSTEMATIC PALEONTOLOOT 

Class ANGIOSPERMAE. 
Subclass MONOCOTYLEDONAE. 

Monocotyledon gen. et sp. ? 
Plate LXX, Figs. 8-11. 

Description. — These fragments are evidently portions of some mono- 
co^ledonoua plant, FigB. 9 and 11 apparently represent the upper or 
outer part of the leaf blade, Fige. 10 and 13 the base. The nerves are fine, 
distinct, and separate below or at the middle of the leaf (Fig. 11) curv- 
ing and running together above or near the margin (Pig. 9) Some at 
the basal portion of the leaf have the appearance of being forked (Figs. 
10, 13), but this may be due to lateral compression. In dried herbarium 
specimens, parallel-veined leaves often present this appearance and the 
upper portion of Pig. 10 strongly suggests such a condition. Somewhat 
similar remains are figured by Heer, from the Miocene of Spitzbergen, 
under the name of Alisma macropkyllum (PI. Poss, Arct., vol. iv, pt 
1, p. 66, pi. xsvi, xxvii) ; from Eriz, Switzerland, as Aromtes dvbivs (Fl. 
Tert. Helvet. vol. i, p. 98, pi. xlvi, fig. 5) ; and from the Baltic provinces 
as Zingiberites undulatia (Mioc. Bait PL, p. 64, pi. xvii, figs, 1-3). 
Comparison may also be made with Miisophyllvm complicaium Lesq. 
(Tert. Fl., p. 96, pi, xv) but the Maryland specimens are too fragmentary 
for even generic determination. 

Occurrence. — Sdmverland Formation. Near the headwaters of Is- 
land Creek, Calvert County, 

CoUectioiu. — Maryland Geological Survey. 

Subclass DICOTYLEDONAE. 
Order JUGLANDALES. 

Family JUGLANDACEAE. 

Genus JUGLANS Unne. 
JCGLANS ACUMINATA AI. Br. ? 
Plate LXXII, Fig. 15. 
Jnalans acuminata Al. Br., 1S4G, Neues Jahrb., p. 170. 

Description. — This specimen is probably referable to the above species 
as may be seen by comparison with those figured by Heer (Fl. Tert. 
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Helvet, vol. iii, pi. oxxriii), but only provisional reference is advisable 
in connection vith audi a fragment. Knowlton haa fignred a leaf from 
Bridge Creek, Oregon, and referred it provisionally to this specicB (Bull. 
IT. S. GeoL Survey, No. 204, pi. iii, fig, 5), but the reference is queation- 
abte and the comparison is not as satisfactory as in the case of the Mary- 
land specimen. 

Occurrence. — Sdndebland Fobhation. Near the headwaters of Is< 
land Creek, Calvert County. 

Collections. — Uaryl&nd Geological Surv^. 



Genus HICORIA Raf. 

HlOORIA. PSEUD0-K3LASKA n. ^p. 

Plate LXXII, Piga. I, 16, 17. 
Description, — Terminal leaflet broadly obovate in outline, vedge- 
shaped at the base, finely serrate except near the base, short petioled ; mid- 
rib thick; secondaries numerous, irregularly disposed, diverging from the 
midrib at obtuse but varying angles, mostly forking or branching once 
or twice near their extremities, the branches extending to the serrations ; 
tertiary nervation fine and close. Lateral leaflets lanceolate (?) in out- 
line, rounded and inequilateral at the base, entire below, serrate (?) 
above; secondaries irregularly disposed, sub-parallel, curving upward 
near the margin, the upper ones branching near their extremities. 

These specimens are so contorted or imperfect that accurate description 
or comparison is impossible. They have much the appearance of many 
leaflets of the living H. glabra (Mill) Britton, in which the serrations are 
often obscure or entirely wanting below. The terminal leaflet may also 
be compared to Aesculua simvlata Knowlton (Bull. U. S. Geol. Survey, 
No. 204, p, 78, pi. IV, figs. 1, 2) which is apparently a Sicoria rather 
than an Aesculus. The thick midrib, short petiole, entire, wedge-shaped 
base, and the irregular angle of divergence of the secondaries together 
with their branching extremities, are characteristics which s 



dbyGoogle 



222 BT8TEUATIC PALSOTtTOLOOT 

to the Maryland Bpecimen and to those figured by Eiiowlton. It is pos- 
aible that Fig. 4, Plate LXX, may belong to the Bsme species. 

Occurrence. — Sunderland Foehation. Kear the headwaters of Is- 
land Creek, Calvert Counly, 

Collections. — Maryland Geological Snrv^. 

HicOBiA ep. ? 

Plate LXX, Fig. 4. 

Description. — This fragment is too imperfect for anything more than 

generic determination. It is apparently the terminal leaflet of a Hickory. 

Occurrence. — Sundebland Fobmation. Point of Bocks, Calvert 

Connfy. 

Collections. — ^Maryland Geological Survey. 

HlCORlA Sp. ? 

Description. — A small hickory nut, destitute of tJie outer husk, and 
considerably flattened, was found at Drum Point, but it was too distorted 
and imperfectly preserved for accurate or satisfactory speciflc determina- 
tion. 

Occurrence. — Talbot FosMATioy. Drum Point, Calvert County. 

Collections. — Maryland Geological Survey, 

Genus PTEROCARYA Kunth. 

Ptbhooabta dbnticulata (Web.) Heer. 

Plate LXXII, Figs. 6-10. 

Fterocarya Oenticnlata Heer, lSg9, Fl. Tert Helvet., vol. ill, p. 94, pi. 

cxxxl, flga. 5-7. 
Jugtans aenticwlata Web., 1S52, Palteontogr., vol. 11, p. 211, pi. xzlll, fls- 10. 
(Not J. denticulata Heer, 1S69, Fl. Fobs. Arct., vol. 11, Abth. iv, p. 4S3, 
pL Ivl, flgB. 6-fl,) 

Description. — These leaves are apparently identical with those figured 
by Ettingshausen under the above name (Foss. Fl. Bilia, pi. liii, flgs. 
11-15), although they might with propriety be referred to the genus 
Eicoria, as they are closely related to ff. pecan (Marsh.) Britton, or to 
B. minima (Marsh.) Britton, many trees of which bear leaflets that are 
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dentate above and entire below, as ia the case in these specimens and in 
most of the figures witii which they have been compared. Lesquereux 
described a somewhat similar leaf imder the name Pterocarya 
americana (Ann. Kept. TT. S. Geol. and Geog. Survey Terr., 1873, p. 417; 
Tert. Fl., p. 290, pi. Iviii, fig. 3) in relation to which he says: (p. 891) 
" as Pterocarya is an Asiatic genus. . . .it would be more advisable to 
consider tiie fragment as that of a leaflet of Carya [Hicoria] or of Jug- 
I&ns." Knowlton has also described a species under the name Juglana 
ciyptata (Bull. TI. S. Geol. Survey, No. 204, p. 35, pi. vi, figs. 4, 5) which 
differs but little from the latter, except in size. Under the circumstances 
it does not seem advisable to complicate the synonomy any further by 
introducing the generic name Hicoria, which may more properly be done 
elsewhere. 

Occurrence. — Scnderland Formation. Near the headwaters of Is- 
land Creek, Calvert County. 

CtAlectiom. — Maryland Geological Surv^. 

CeniuPOPULUSUniK. 
POPCLDS CLABKIAHA n. sp. 

Plate LXX, Pig. 6. 

Description. — Leaf deltoid in shape, slightly rounded at the center, 
rather abruptly acuminate above, cuneate or sub-cordate below, crenulate- 
dentate except near the base and apex; petiole about 3/10 inch long; ner- 
vation 3-palmate ; lateral primaries and principal secondaries spreading, 
sub-parallel, camptodrome; from the under sides of the lateral primaries 
and from the outer sides of the marginal loops of the secondaries a series 
of fine nerves and nervilles extend to the crenulations of the margin. 

Named in honor of Professor W. B. Clark, under whose auspices the 
collection was made. There are no described or figured species wilii 
which this leaf may be satisfactorily compared, but it approaches very 
close to some of the forms of P. deltoides Marsh, especially var. occi- 
denlaiis Ttydb. 

Occurrence. — Scnderland Formation. Near the headwaters of 
Island Creek, Calvert County. 

Collections. — Marj'land Geological Survey. 
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POPCLDS LATIOH AI. Br. ? 

Plate LXX, Fig. 7. 

Populus latior Al. Br., X83T, In BuCUand, Geology, to). 1, p 612. 

Description. — Although fragmentary and imperfect this specimen 
shows characters sufficient to identify it, at least provisionally, with the 
above species and probably with the variety rotundata as figured by Heer 
(PI. Tert. Hehet., vol. ii, pi. Ivi, figs. 4-7). It may also be compared 
with P. lindgreni Knowlton (18th Ann, Bept. U. S. Geol. Survey, pt. 
3, p. 725, pi. c, fig. 3; Bull. U. S, Oeol. Survey, No. 204, p. 29, pi. ii, 
fig. 1) and it is evidently closely related to the living P. deltaides Marsh, 
all of which differ from each other less than the leaves of the latter, on a 
single tree, often difEer between themselves. 

Occurrence. — Sijiidebla.nd Formation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — ^Maryland Geological Surv^. 

POPDLCS PSEUDO-TREMOLOIDES n. 8p. 

Plate LXX, Pig. 5. 

Description. — Leaf orbicular or transversely elliptical in shape, taper- 
ing abruptly and about equally to the somewhat decurrent base and acumi- 
nate apex, about 1 1/10 inch in length and width; margin entire; petiole 
J inch in length; nervatiofi 3-palmate, camptodrome; lateral primaries 
arising from very near the base of the leaf at an angle of about 45 de- 
grees with the midrib and curving gently upward, each with three secon- 
daries on the lower side curving toward the margin; median secondaries 
fine, about two on each side of the midrib, extending upward at acute 
angles and curving at their extremities. This leaf is hardly to be dis- 
tinguished from many entire-margined forms of the living P. tremuloides 
Michi. and is similar to P. dedpiens Lesq. (Tert. Fl., p. 179, pi. xxiii, 
figs. 7-11), although in this species the lateral primaries are more upright. 

Occurrence. — Sundbbland Formation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — Maryland Geological Survey. 
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Order FAGALES. 

Family BETULACEAE. 

Genus CARPINUS Unnc. 

CaBFINCS PSEtJDO-CAROLINIANA n. 8p. 

Plate LXXI, Fig. 10. 

Deacription. — Leaf about, 1^ incli long by i inch wide, oblong; ab- 
ruptly acuminat* at the apex, finely serrate; secondary nervea numeroua, 
fine, sub-parallel, leaving the midrid at an acute angle and extending to 
the flerrationB of the margin. This leaf is almost identical with many 
smaller leaves of the living C. caroliniana Walt., which are frequently 
simply instead of doubly serrate. Nnmerous similar fossil forms have 
been described under C. grandis TJng. and C. heerii Etts., and Lesquereuz 
has figured specimens under the former name from the western United 
States which approach the Maryland leaves very closely (Tert. Fl. pi. 
ixiv, figs. 8-10). They are described as doubly serrate, although the 
smaller specimens are figured as simply serrate, the same as the former. 
Practically the only difEerence between them is the abruptly acuminate 
apex of the latter, as compared with the more gradually tapering apex of 
the former. 

Occurrence. — Sdndebland Formation, Near the headwaters of Is- 
land Creek, Calvert County. 

VoXlectioru. — Maryland Geological Survey. 

Genus ALNUS Caertn, 
Alnds bugosa {Da Roi) K. Koch. 
Plate LXIX, Pigs. 1-3. 
Betvla Alnut nigosa Du Rol, 1771, Harbk. vol. 1, p. 112. 
Alniu rvgoia K. Koch, 1872, Dend., vol. 11, pt. 1, p. 636. 

Description. — Numerous leaf impressions of this species occur in the 
fine silt at Drum Point, but it was found almost impossible to preserve 
them long enough for depicting, as they dried and cracked on exposure 
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to the air. The ones figured were drawn bef'sre the matrix bad had time 
to dry. 

Occurrence. — Tahbot Formation. Drum Point, Calyert Coiinty. 

Collections. — Maryland Geological Survey. 

Family FAGACEAE. 
Genus FAGUS Linne. 
Faqds AMERICANA Sweet 
Fagv ameri/sana Swmt, 1826, Hort. Brit., p. 370. 

Description. — NutB and huske, BomeHmes separate from each other, 
sometimes entire, are amongst the most abundantly represented objects 
in tiie swamp deposits. 

Occurrence. — Talbot Formation. Bodkin Point, Anne Arundel 
County, Grace Point, Baltimore County, and Grove Pmnt, Cecil Conntj. 
Collections. — ^Maryland Geological Survey. 

Faqds 8p. ? 

Plate LXX, Fig. 3. 

Description. — ^This fragment apparently represents the leaf of a Beech, 

but there is not enough upon which to either make compariBona or base 

a description. 

Occurrence. — Sdkderland Formation. Point of Books, Calvert 
County, 

Collections. — Maryland Geological Survey. 

Genus QgERCUS Unne. 

Qdebods QLBNNn n. sp. 

Plate LXXII, Figs, 3-6. 

Description. — Leaves oblong-lanceolate ( ?) i'l outline, tapering to the 

apex, rounded or narrowed ( P) to the base; margin somewhat irregular 

or wavy, minutely denticulate ; eecondaries springing from the midrib at 

varying angles, curving upward, Bub-camptodrome, with fine nervillea er- 
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tendiog to the denticulations. These leaves are named in honor of Dr. 
L. C. Glenn, in whose company they were collected. They are very 
closely allied to the living Q. wisUzenii Engelm. 

Occurrence. — Sdndbrland Formation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — Maryland Geological Survey. 



QUEHCDS FSEUDO-ALBA U. Sp. 

PUte LXX, Fig. 2; Plate LXXI, Figs. 1-6. 

Description. — Leaves varying in size and outline, irregularly pinnati- 
fid into obtusely pointed lobes, the lower ones entire and extended into a 
wedge-shaped base, the upper ones occasionally sub-Iobed ( ?) ; sinuses 
rounded; secondary nervation irregular, consisting of a series of main 
nerves extending from the midrib at varying angles to the extremities of 
lobes, with forks es(«nding to the extremities of the sub-lobes ( ?) and 
an intermediate finer series extending with the tertiary nerves and finally 
forming sub-marginal nerves extending along the margins of the lobes. 

These leaves appear to be practically identical with many forms of 
the living Q. alba L. and they might also be compared with forms of Q. 
macrocarpa Michz. and Q. lyrata Walt., all of which vary greatly in size 
and shape. Q. garryana Dougl., Q. utakensis (A. D. C.) Bydb. and Q. 
gunnisoni (Torr.) Hydb. may also serve for comparison, but the imperfect 
condition of the Maryland specimens renders it impossible to determine 
accurately their nearest allies in the living fiora, hence it has been 
thought best to merely indicate in the name adopted the general apparent - 
relationship vrith the white oak group. 

Occurrence. — Sdnderland Formation. Point of Bocks and near the 
headwaters of Island Creek, Calvert County. 

Collectiojis. — Maryland Geological Survey. 
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Cenus ULMUS Linne. 

Ulhds bbtcloidss n. Bp. 

Plate LXX, Fig. 1. 

Description. — Leaf oblong-ovate (?) in outline, serrate; secondary 
oerves leaving the midrib almost at right angles, mostly forking or 
branching once or twice near the extremities, each division terminating 
in one of the marginal serrations ; base and apex not known. This leaf 
by reason of the obtuse angle of divergence made by the secondaries with 
the midrib, appears to be distinct from any species with which it waa 
compared. In some respects it resembleB a Bttula rather than an TJlmus, 
but it apparently was inequilateral or cuneate at the base, as indicated 
by the more rounded ouUine on the left side and the slightly carved mid- 
rib. With an apex such as that shown in Fig. 11, Plate V, the leaf would 
approach very closely to many forms of U. americana L, 

Occurrence. — Sundebland Fokhation. Point of Bocks, Calvert 
County. 

Collections.— i&stylnaA. Geological Survey. 

UlUDB P8EDDO-RACBH06A n. Sp. 

Plate LXXI, Figs. 11-13. 

Description. — Leaves varying in size, averaging about 3 inches in 
length by 1 inch in width, oval to somewhat obovate in outline, inequi- 
lateral, sharply and more or less doubly serrate; apex rather abruptly 
acuminate; base cuneate or cnneate-cordate ; petiole short; nervation 
simply pinnate, craspedodrome, the secondaries numerous, flexuous, vary- 
ing in their angles of divergence from the midrib and mostly once to 
several times forked, especially towards their extremities, the branches 
of the forks terminating in the minor dentitions of the margin. 

It ia almost impossible to separate these leaves from those of the living 
U. americana L., and U. racemosa Thomas, and it is quite possible that 
they are identical with one or the other of these species. They may be 
more or less satisfactorily compared with several fossil forms, such as 
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v. affinis Leaq. (Mem. Mub. Comp. Zool. Harvard College, vol. vi, No. 
2, p. 16, pi. iv, figs, 4, 5) which, however, is described sb long petioledj 
U. pseudo-americana Leeq, (Cret and Tert. Fl., p. 249, pi. liv. 
fig. 10) which differs principally in its larger size and in the strict, paral- 
lel character of its nervation; V. tenuinervis Leaq. (Ann. Bept U, S. 
Geol. and Geog. Surv. Terr. 1873 [1874] p. 412; Tert. Fl., p. 188, pi. 
xxvi, figs, 1-3) which is more elongated; and also with U. fisheri Heer, 
U. plurinervia TJng. and U. bronnii Ung., all of which species differ from 
each other no more than the leaves of U. racemosa or U. americana on 
a single branch often differ between tbemselvee. The apparent relation- 
ship is indicated in the specific name adopted, instead of referring the 
fossil, without question to the living species. 

OccwfTence.^SDNDBRLAND Formation. Near the headwatere of Is- 
land Creek, Calvert County. 

Collectiom. — Maryland Geological Survey. 

TJlmds sp. ? 

Plate LXIX, Fig. 10. 

Description. — This fragment is too imperfect for more than generic 

determination, but apparently it belongs to the living U. racemosa 

Thomas. 

Occurrence. — Talbot Pormatiok. Grove Point, Cecil County. 
Collections. — Maryland Geological Survey. 

Genus PLANERA J. F. Gmel. 
Planeea DNOEsi Etts. 
Plate LXXI, Pigs. 14, 16. 
Planera unaeri Btts, 1S61, Foss. FL Wein, p. 14, pi. 11, figs. E-IS. 
Description. — This species, as originally depicted by Fttingshausen, is 
represented by small leaves similar to those now figured, but other au- 
thorities have included a wide range of forms, varying greatly in size, 
shape, and character of the dentition. (See Heet, Fl. Tert. Helvet., vol. 
ii, pi. kxx; PI. Foes. Arct., vol. i, pi. ix, fig. 14b; ibid. vol. ii, PI. Fobs. 
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Alaak, pi. v, fig. 2; ibid., vol. ii, Fobs. F1. N. Greenl. pi. xIt, figs. 5a, e 
and xlvi, figs. 6, 7a ; ibid., vol. v, Foas. Fl. Sibiriena pi. xv, fig. 19 ; ibid., 
vol. V, Mioe. Fl. Sachalin, pi. ix., fig. 10 and x, figs. 1, 2 ; ibid., vol. yii, 
pis. Ixxv, fig. 11, lixxix, fig. 9, xcii, fig. 9, xcv, figs. 6, 7 and xcvii, fig. 
3; Lesq. Tert. Fl., pi. xxvii, fig. 7, etc.) Figure 14 might also be com- 
pared with Ulmus minuta Goepp. (Zeitsch. Dentsch. Geol. QeflellBch., vol. 
iv, p. 493; Tert. Fl. Schossnitz, p. 31, pi. xiv, figs. 12-14), but it would 
seem to be the wiser course not to separate this mere fragment from the 
other with which it is associated. 

Occurrence. — Sundebland Formation. Wear the headwaters of Is- 
land Creek, Calvert Coimiy. 

Collections. — Maryland Geological Survey. 



Genus CELTIS Linne. 

Celtis pbbudo-orasbifolia n. Sp. 

Plate LXXI, Fig. 9. 

Description. — Leaf about 1^ inch long by J inch vride, inequilateral ( ?) 
sparingly dentate below, entire above and taperiog irregularly to the apex ; 
secondary nervation camptodrome, consisting of a pair springing from 
the base and three or more above, which bend abruptly near the midrib 
and extend upward almost parallel with it; tertiary nervation approxi- 
mately at right angles between the secondaries and between the aecond- 
ariea and the midrib, curving upward from the outside of the basal second- 
aries, where they connect close to the margin, with fine aub-diviaiOBa ex- 
tending to the dentitions. 

It is unfortunate that only this fragmentary apecimen was obtained 
upon which to base a description. It is apparently closely related to sev- 
eral living species, such as C. crassifolia Lam., C. mississippiensis Boec., 
C. georgiana Small, and C. ocddentalis L., in all of which the leaves may 
vary considerably in size, shape, and degree of dentition and with any 
one of which it could be compared more satisfactorily than with any de- 
scribed fossil species. This apparent relationship is therefore indicated 
in the specific name adopted. 
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Occurrence. — Scnderlakd Fobhation. Near the headwatere of Is- 
land Creek, Calvert Coiuity. 

Collections. — Maryland Geological Survey. 

Order POLYGONALES. 

Family POLYGON ACE AE. 

Genus POLYGONUM Linne. 

POLTGONDM Bp ? 

Description. — Numeroua seeds of this genus occur in the various swamp 

deposits, eepecially at Grace Point, but accurate specific identification i» 

not possible. 

Occurrence. — Talbot Fohmation. Grove Point, Cecil Connty; Qrace 
Point, Baltdmore County. 

Collections. — Maryland Geological Surrey. 

Order ROSALES. 
Family PLATANACEAE. 

Genus PLATANUS Unne. 
PlATANUS A0BBOIDB8 Qospp. 

PUtea LXXIII, LXXIV. 

Flatanut aceroidet OtEpp, 1865, Zeltsclir. Deatsch. Oeol. 0«MUflch., vol. Ir, 
p. 492; Tart. Fl. Schosanltz, p. 21, pi. ix, flgs. 1-3. 

Description. — This widely represented species is hardly to be distin- 
guished from the living P. occidentalis L. and there would be no incon- 
aistency in considering them ae identical. 

The fragmaits figured on Plate LXXIII may be compared with fhoBe 
figured by Heer from Spitzbergen, (Fl. Foes. Arct,, vol. i, pi. zxzii, figs. 
1, 2; ibid., vol. iv (Foss. Fl. Spitzb.), pi. xvii, figs. 1, 3 and xui, fig. 3), 
Greenland (PI. Foss, Arct., vol. vii, pi. xe) and Switzerland (Fl. Tert 
Helvet., ToL ii, pi. kirrii, figs. 3, 4 and ixxsviii, figs. 10, 11) and the 
smaller leaves on Plate LXXIY with eimilar ones on the plate last cited. 
Gaudin and Strozzi also figure a number of specimens from Italy (Mem. 
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Feuilles Fobs. ToBcane, vol. i, p]. v, figs. 4-6 and vi, figs. 1-3, etc.) and 
Lesquereux, from the United States (Tert. Fl., pi. xxr, figs. 4, 5; Cret 
and Tert. Fl., pi. xlix, fig. 1). The latter author also described and fig- 
ured what is apparently thia species under the name Acer (equid^tdaium 
ap. nov. (Mem. Mub. Comp. Zk)oI. Harvard College, vol. vi, No. 2, p. 36, 
pi. vii, figs 4, 5) which, however, is not the same species as that figured 
under the name in his Tertiary Flora, pi. xlviii, figs. 1, 3, Gcepperfs fig- 
ures 1. e. and also hie figures of P. Beyvkausiana (1. c. pi, x, fig^. 1-4) ap- 
parently all represent one species, identical with that from Maryland. It 
may be questioned whether figures 2-5 on Plate LXXIV should beincluded 
with the others. They appear to represent leaves in which the margins 
were entire or very coarsely dentate, as in P. mexicana Moric, but there 
is not enough upon which to base a description. Figure 5, last quoted, 
apparently represents a portion of a basilar lobe, such as may often be 
seen in P. occidentalu and similar to the appendages of P. basUobata 
Ward (Synop. Fl. Laramie Gr. 6th Ann. Kept TJ. 9. Geol. Survey, pis. 
xlii, xliii). Ko such lobe or appendage ia indicated in any of the figures 
of P. aceroidet or its nearest allies, and this might perhaps constitute a 
distinctive feature which would be regarded aB specific. 

Occurrence. — Sdnbebland Formation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — Maryland Geological Survey. 



Plaxands sp. ? 
Plate LXXV. 

Duaiption. — Thia is apparently a portion of a very lai^e Plalanju 
leaf. It was approximately 13 inches in width and 8 or 9 inches in 
length. 

Occurrence. — Sunderland Formation, Point of Eocks, Calvert 
Conn^. 

Collections. — Maryland Geological Survey. 
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Family DRUPACEAE. 

Genus PRUNUS UniM. 

Fbunus ? KEREiAiii Knowlton. 

Plate LXXII, Fig. 2. 

PruniM r metriami KnoTlton, 1902, Bull. U. S. Qeoi. Suire)', No. 204, p. 

67. pi. il, flgs. 2, 3, 6, 7. 

Description. — There can be no question as to the identity of the Mary- 
land apecimen with those figured by Knowlton, but the reference to the 
genuB Prunus is more than questionable. It is most likely a Hicoria. 
In fact his P. tufacea (1. c. pi. xi, fig, 4) might well be united with it 
under one species, as representiDg the lower leaflets, and hia Rhus ( P) 
sp. (1, c. pi, xiv, fig, 6) as representing a terminal one. The identifica- 
tion of the specimens, however, is of more importance from the standpoint 
of stratigraphy than is the correct determination of their botanical 



Occurrence. — Sukderlakd Formation. Near tiie headwaters of Is- 
land Creek, Calvert Connly, 
CollecMona. — Maryland Geological Survey. 

Genus CASSIA Linne. 
Cassia sp. ? 
Plate LXXI, Fig. 20. 
Description. — This single small leaflet is liardiy sufficient upon which 
to base a description of a new species or for making satisfactory compari- 
sons. It is apparently slightly inequilateral at the base and has some 
resemblance to C. amhigva Ung, (Gen. et Sp. PI. Fosa., p. 492; Syll. 
PI. Foes., vol. ii, pL x, fig, 9) and to Leguminorites saiicinus Heer (Fl. 
Tert. Hehet. vol. iii, p. 128, pi. cxixix, figs. 28-30), but as the nerva- 
tion is not apparent it has been thought best not to refer it eveai provis- 
ionally to either of the above species. 

Occurrence. — Sunderland Formation. Near the headwaters qf Is- 
land Creek, Calvert County 

Collections. — Maryland Geological Survey. 
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Family PAPILIONACEAE. 

Geniu ROBINIA Linne. 
BOBINIA FBBDDAOACIA Lillll^. 

Plate LXIX, Fig. 4. 

RoUnUt paeuOacacUi Llnn^, 1763, Sp. PI. p. 722. 

Description. — A single leaf of this species was found in the swamp 
deposit at Bodkin Point. 

Occurrence. — Talbot Foeuation. Bodkin Point, Anne Arundel 
CouDty. 

Collections. — Maryland Qeological Surrey. 

Genus ACER Linne. 
AOEB Sp. ? 
PUte LXXI, Figs. 7, 8. 
Description. — These two figures represent counterparts of the same 
fruit. No leaTee of Acer were found associated with it, and hence it 
seeme unwise to give a specific name, although it appears to be quite dis- 
tinct from any other similar fruit which has been figured or described. 
The seed appears to be smaller than is usually the case, although this ap- 
pearance may be due to the imperfection of the specimen. 

Occurrence. — Sundebland Pobmation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — Maryland Geological Survey, 

Family SAPINDACEAE. 

Genus SAPINDUS Linne'. 

Sapindds mabylandiods n. sp. 

Plate LXXII, Figs. 11-14. 

Description. — Leaves inequilateral, curved, entire, very unequal below 

and tapering to the base at each side ; greatest convexity on the broader 

side at about ^ the distance from the base and on the narrower side at 

about the same distance from the apes ; secondary nervation irregularly 
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disposed at varying angles of divergence from the midrib, cnrrisg and 
anastotnosing near the margin or irregularly connected by oblique or 
curved tertiaries. 

This species is somewhat euggestive of 3. OTegoniamis Knowlton (Bull. 
U. S. Qeol. Survey, No. 804, p. 79, pi. xv, fig. 3) and to S. oitusifolius 
Lesq., (Ann. Bept U. S. Geol. and Geog. Surv. Terr., 1873, p. 419, Tert 
PI. pi. xlix, figs. 8-11; Cret. and Tert Fi. pi. xlviii, figs. 5-7) but differs 
in the more tapering base. It is possible tliat all specimens might not 
exhibit this characteristic to the same extent, in which case the similarity 
with 8. oregonianuB would be very close. 

Oceurr«nce.— Sdnderland Foemation. Near the headwaters of Is- 
land Creek, Calvert County. 

OoUeetions. — Maryland Qeological Survey. 

Order RHAMNALES. 

Family VITACEAE. 

Genus VITIS Linne. 

Vrris 8p. ? 
Grape seeds are plentiful in the swamp deposits of Talbot age at Bod- 
kin, Grace, and Qrove Points, and are sparingly represented in the de- 
posits at Drum Point 

ordtr UMBELLALES. 

Family CORNACEAE. 

Genus NYSSA Unne. 

Ntssa bifloba Walt 

Plate LXIX, Fig. 5. 

Vyssa bifiora Walt.. 1788, Ft. Car., p. 253. 

Description. — Several leaves, apparently identical with the one figured, 
were found in the Talbot swamp deposits at Drum Point and Bodkin 
Point, but with one exception it was found to be impossible to preserve 
them long enough to permit of their being drawn. The specimen figured 
is from the former locality. 
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Xyssa sp. ? 
Seeds of Nysm are abundantly represented in the Talbot swamp de- 
posits at Bodkin and Grace Points and a few were found in the deposit at 
Dmm Point. 

Order ERICALES. 

Family ERICACEAE, 

Genus XOLISMA Raf. 

XoLisMA LI0D8TRINA (Linn^) Brittou. 

Plate LXIX, Fig. 6. 

Xolitma ligustrina BrftUtn, 1S84, Mem. Torrey Club., vol. It, p. 136. 

This leaf is the only one of several which were found in the Talbot 

swamp deposits at Bodkin Point which was snfBciently well preserved for 

figuring. 

Family VACCINIACEAE. 
Genus VACCINIUM LInn'e. 
Vaooinicm coRYUBOsnif Linn^. 
Plate LXIX, Figs. 7-9. 
Taccinium corymJtotitm Llnui, 1753, Sp. PI., p. 360. 
A Dumber of impressions of these leaves were found in the fine silt of 
Talbot age at Drum Point, from which the specimens figured were se- 
lected. 

Order EBENALES. 

Family SAPOTACEAE. 

G«nus BUMELIA l.inne. 

BtlMELIA PSEUDO-LANL'GINOSA n, 8p. 

Plate LXXI, Figs. 18, 19. 

Description. — Leaves spatulate or oblong-spatulate in shape, entire, 
narrowed to an acut« or wedge-shaped base; apex not known; midrib well 
defined; secondary nervation obscure and fine. 

These leaves bear a very close resemblance to several of those of living 
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species of Bumelia, especially B. lanuginosa Fers. and B. monticola 
Buckl., from either of which could be selected specimens which would 
match them exactly in outline, but the absence of definite nervation 
renders accurate comparison impossible. 

Occurrence. — Sunderland Fobmation. Near the headwaters of Is- 
land Creek, Calvert County. 

Collections. — Maryland Geological Surrey. 

UNDETERMINED. 

In addition to the genera and species determined and described there 
remain about a dozen species of smalt seeds which could not be identified 
except as belonging in certain families or orders and hence have not been 
included. Among these were quantities of a peculiar moniliform object 
which at first were mistaken for seeds and then for small fungoid growths- 
Careful examination showed that they could not be referred to either of 
these and their close resemblance to galls suggested that they might be 
of insect origin, similar to such as are found on the leaves of the living 
Bald Cyptees (Taxodium distkhum (L.) L. C. Rich). Specimens were 
sent to Dr. L. 0, Howard, of the Division of Entomology, TJ. S. Dept. 
Agriculture, who kindly examined them and from whose report the fol- 
lowing is quoted ; " The little swellings on the leaf of the Bald Cypress 
appear to be the work of one of the gall gnats, a Gecidomyiid. Those 
from the Pleistocene swamp deposits of Maryland appear to be the 
same. . . . The material was badly crushed when received. Still I do 
not know that any more accurate determination could be made of the ma- 
terial in its best condition." 
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PLATE XXXIV. 

PAflK 

Restoration of the American Mastodon, Mamhut akebicanuu (Kerr), 
based on the skeleton from Newburgh, New Tork, In the Museum of 
the Brooklyn Institute. Drawn by H. B. Jndy ISO 
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PLATE XXXV. 

PAOK 

Figs. 1, la. Maumut amebicanum (Kerr) , 160 

1. Last upper molar. X % 

la. Same viewed from oppOBlte side. X K 
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la 

MAMMALIA. 
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PLATE XXXVII. 

Restoration ot tbe Nortbero Mammoth, elephas i'rimigemi's Btumenbach, 
trom palatlng by C. R. Knight in the Smttbsonlan Inetltutlon 163 
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PLATE XXXVni. 

Pig. 1. Blephab coLUMBi Falconer 165 

Side view of uppw molar, Atton, Indian Territory. Greatly reduced. 

Fig. 2. Elepkas uiPBBATOB Leldy 168 

Side view of upper molar, Alton, Indian Territory. Greatly reduced. 
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PLATE XXXIX. 

Pig. I. Blbphas pBiMiaENiuB Blumenbacb 163 

Lower molar viewed from above. Greatly reduced. 

Fig. 2. Blkphas columbi Falconer 165 

Lower molar viewed from above. Greatly reduced. 

Fig. 3. BJLEPHAa iMPEBATOR Lcldy 168 

Lower molar viewed from above. Greatly reduced. 

From B photosrapb provided by the AmerEcan Museum at Natnral HIstor;, New York. 
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PLATE XL. 

PAGE 

Fig. 1. Elepkas coLUMBi Falconer 165 

Molar Bhowlne an Intercalated enamel ridge. Qreatly reduced. 

Pig. 2. Tkhbapene eubypyoia (Cope) 169 

Fragment of carapace of type In American Museum ot Natural His- 
tory, New York. X 2. Oxford Neck. 

Fig. 3. Insect wlnge from Bay Ridge. X 8 171 
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FlgB. 1-3. Caixinectes sapidus Ratbbun.. 

1. Dorsal view. Cooks Point 

2. Veotral view. 

3. Claw. X 3 
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PLATE XLII. 

Figs. X-*. Balasus cbenatus BrugulSre 174 

1. Interior view of a lateral plate, Walles Bluff. X 7 

2. Specimen sbowing compartment and basis intact. Same locality. 

X6 

3. Interior view of a lateral plate of a larger form, Federalsburg. 

X 3 

4. Bxterlor view of tbe same specimen. 

Figs. 5, 6. ToRNATiPiA CANA1.ICULATA (Say) 17B 

5. Dorsal view, Walles Bluff. X 9 

6. Ventral view of tbe same specimen. 

Figs. 7, 8. Terebba dislocata (Say) 177 

7. Dorsal view, Walles Bluff. X 2% 
S. Ventral view of tbe same specimen. 

Figs. 9, ID. Manohja. cebika Kurtz and Stimpson 178 

9. Dorsal view, Walles Bluff. X 9 
10. Ventral view of tbe same specimen. 
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FuLOOB CABicA (Qmelln). Dorsal view, Walles Bluff 179 
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PLATE XLIV. 
Fduub casica (Omelln). Ventral view, Wallea Bluff. . 
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PLATE XLV. 
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FigB. 1-8. Fdmub cAttiCA {Omelln) 179 

1. Ventral view of very young (orm. Wallea Bluff. 

2. Dorsal Tiew of the same specimen. 

3. Ventral view of older form. Same locality. 

4. Dorsal view of the same specimen. 

5. Ventral view of still older form. Same locality. 

6. Dorsal view of tbe same epeclmeD. 
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PLATE XLVI. 
FuLouB CANAucutAtuu Llan4. Dorsal view. Walles BluC. 
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PLATE XLVII. 
FuLouB cahaucvlatum Lfniifi. Ventral Tlew. Wailes Blufl. . 
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PLATE XLVIII. 

Figs. 1-6. FULGUB CANALICULATUM LiDUe IBO 

1. Dorsal view of large Bpeclmen. Wallea Bluff. 
Z. Ventral vtew of same speclmeii. 

3. Dorsal Tlew ot small specimen. Same locality. 

4. Ventral view of same specimen. 

6. Dorsal view ot larger specimen. Same locality. 
G. Ventral Tiew of same specimen. 
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PLATE XLIX 

FAOK 

FigB. 1, 2. Nassa trutptata Say 180 

1. Ventral view. Walles Blult. x 2^ 

2. Doreal view of same specimen. 

Figs. 3, 4. Iltanahha ubholbta (Say) 181 

8, Ventral view. Federalaburg. X 2 

4. Dorsal view of same spedmen. 

Figs. 6, 6. CoLUMBEiXA (ASTYRie) LUNATA (Say) 182 

5. Ventral view. Walles Bluff. x 5^ 

6. Dorsal view of same specimen. 

PtgB. 7. 8. ErPLEUBA CAUDATA (Say) .'• 183 

7. Ventral view. Walles Bluff. x 2 

8. Dorsal view of same speclmeD, 

ngs. 9, 10. Ubobalpikx cinebevs (Say) 184 

9. Ventral view. Walles Bluff. X IS 
10. Dorsal view of same specimen. 
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Ptga. 1-4. Cbepidtjla fobnicata (Llnn^) 

1, 3. Ventral views. Walles Bluff. X H4 

2. 4. Dorsal views of same specimens. 

Figs. 5-8. Chepidula plana Say 

6. Ventral view. Walles Bluff. X 1% 

6. Dorsal view of same specimen, 

7. Ventral view of larger Individual. Walles Bluff. 

8. Dorsal view of same specimen. 

Figs. 9, 10. PoLTNiCBS (Nevebita) DVPLiCATUs (Say).. 

9. Ventral view. Wallea Bluft. X 1% 
10. Dorsal view of same specimen. 
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PLATE LII. 

Figs. 1-8. Barnea (Si-obi\a) costata (Linoi^) 192 

1. Exterior ot left valve. Walles Bluff. X % 

2. iDterlor of right valve. Walles Bluff. X % 

3. Interior of left valve. 

4. Exterior of right valve. 

5. Myophore from right valve, external view. X 2^ 

6. Interoal view of the same speclmeo. 

T. Myophore from left valve, external view. X 2\i 
8. Internal view of the same specimen. 
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FigB. 1-4. COBBri^ CONTRACTA Sbj 193 

1. Interior of lett valve. Walles Bluff. X 6 

2. Interior of rlgbt valve. 

3. Ilxterlor of left valve. 

4. Exterior of rigbt valve. 

Figs. S. 6. Mya arbnaria (LlnnS) 194 

5. Interior of right valve. Walles Bluff. 

6. Exterior of left valve. 
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PLATE LIV. 

FlgH. 1-4. Mya abkvahia (Linnfi) 194 

1. Interior of left valve of small Individual. Walles Bluff. X % 

2. Exterior ot eame. 

3. Interior of left valve of larger Individual. Walles Blutf. X % 

4. Exterior ot rlgbt valve of same. X % 
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PLATE LV. 

PAGS 

Pigs. 1-4. MtJUNiA LATEBAUB (Say) 194 

1. Interior ol lett valve. Wallea Bluff. X IK 

2. Elsterlor ot rlglit valve. 

3. Interior of same. 

4. Exterior of left valve. 

FigB. 6^. Ranoia cunkata (Gray) 195 

5. Interior of right valve. Potomac aliore between Float and Poplar 

Hill creekB. 

6. Exterior ol left valve. 

7. Interior of left valva 

8. Baxter! or of right valve. 

FlgB. 9, 10. Eksis DiBBCTUB (Conrad) 196 

9. Interior of left valve. Portland, Maine. 
ID. Exterior of same. 
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PLATE LVI. 

FigB. 1, 2, 4, 5. CLMiNorA TELLiNoiuES (CoDrad) 197 

1. Eicterlor of right valve. Wailes Bluft. X 2Vj 

2. Interior of same. 

4. Exterior of left vaWe. Wailes Bluff. X 2% 

5. Interior of same. 

Figs. 3. 6. Telli.na (Anoeli's) tesera Say 198 

3. Interior of right valve. Wailes Bluff. X 4 

6. Exterior of same. 

FigB. 7-10. Macoma baltiiica (LlnnC) 199 

7. Interior or left valve. Wailes Bluff. X 1% 
S. Exterior of right valve. 

9. Interior of same. 
10. Exterior of left valve. 
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PLATE LVII. 



Figa. 1-4. Taoelus oibbus (Spengler) 

1. Interior o( right valve. Walles Bluff. 

2. Exterior of left valve. 

3. Interior of same. 

4. Ezterlor of right valve. 
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PLATE LVIII. 



Figs. 1, 2. VESU8 a 

1. Interior of left vaWe. 

2. Exterior of flame. 
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PLATE LIX. 

Figs, 1, 2. Venus mebcenaria Llnne 201 

1. Interior ot right valve. Walles Bluff. X % 

2. Exterior ot same. 
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Figs. 1-4. Alioena elevata 

1. Interior of left valve. 

2. Exterior of same. 

3. Interior of rtght valve. 

4. Exterior of Eame. 

Figs. 5, 6. Mytii-is uamatub Say 20a 

5. Exterior of valve. Wallee Bluff. X 1% 
e. Interior of a smaller valve. x 1% 

Figs. 7-11. Unio C0MPLANATV8 (Solander) Dlllwyn 203 

■7. Interior of valve of Recent form. X 1 1', 
S. Interior of right valve, mouth of Bacl( River. 
9. Exterior of same. 

10. Interior of left valve. Same locality. 

11. Exterior of same. 
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PLATE LXI. 

, 1, 2. OsTKEA viBOiKiCA QmellD 204 

1. Interior ol lower valve. Wailes Bluff. X % 

2. Elxterlor of eame. 
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PLATE LXIl, 

FlgB. 1, 2. OsTRtA viKciMCA Gmelin 

1. Interior ot upper valve of Individual figured on plate LXI. 

2. Exterior of same. 
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PLATB LXIII. 

Figs. 1-6. OsTBEA viRoisicA Gmello 

1. Interior of upper valve ol young Individual. Wallea Blutl, X 5/7 

2. Exterior of sajne. 

3. Interior of upper valve of older individual. Same locality. X 6/T 

4. Interior of loner valve of eame. 

6. Interior of lower valve of Individual shown in Pig. 1. X 5/7 
6. Exterior of same. 
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PLATE LXIV. 

Pigs. 1-6. Ahia (Ni)K.TiAi PON DEROSA Say 

1. Interior ol left valve. Wailes Bluff. 

2. E:iterior of right valve. Same locality. 

3. Interior ot same. 

4. Exterior of left valve. 

5. Interior of left valve of larger individual, same locality. 
G. Exterior of same. 

Pigs. 7-10. AECA (SfAPHABCA) TBANSVKBSA Say 

7. Interior of left valve. Wailes Bluff, X 2hi 

8. Eiterior of right valve. Same locality. X 2(4 

9. Interior of same. 

10. Exterior of left valve. 
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PLATE LXV. 

PAQK 

Figa. 1-4. NucULA PBoxiuA Say 207 

1. Inurior ot left valve. Walles Bluff. x 6 

2. Exterior of right valve. Same locality. X 6 

3. Interior of aatne. 

4. Biterior of left valve. 

FigB. 5-8. Leda AciTTi (Conrad) 208 

5. Interior ot left valve. Wallee Bluff. X 6 

6. Exterior ot right valve. Same locality. X 6 

7. Interior of same. 

8. Exterior of left valve. 

Figs. 9-12. ToLDiA UMATVLA (Say) 80» 

9. Interior ot left valve. Walles Bluff. X 2 

10. Exterior ot right valve. 

11. Interior ot right valve. Same locality. X 2 

12. Exterior of left valve. 
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PLATE LXVI. 

Flga. 1-6. CuosA suLPHUREA (Desor) Verrtll 2 

Specimens of MoUubcs from Wailes Bluff showing borings of tble 



FigB. 7-9. Laoena oi^obosa (Montagu) 214 

7. Specimen from Walles Blutl. X S 

8. Same viewed from above. X 8 

9. Larger specimen. Same locality. x 10 

Fig. 10. CKisrKi.i^RiA ROTi'i.ATA (Lamarck) 215 

Specimen from Walles Bluff. x 5 

Flga. 11-13. RoTALiA BECCABU (LamaFck) 215 

11. Peripheral view. Wailes Bluff. X 10 

12. Another view of same specimen. 

13. Another view of same specimen. 

Figs. 14. 16. PoLYSTOM Ef.LA sTRi ATOP L\ (TATA (Flchtel and Moll ) 216 

14. Lateral view. Walles Bluff. X 35 

15. Another view of same specimen. 
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PLATE LXVII. 

Pig. 1. PlM-8 ECIIISATA Mill 217 

Fig. 2. PiNL-a STROBUS Llnne 218 

Fig. 3. OsMUMJA sp.? Holllck 217 



dbyGoogle 



MARVLANO SEOLOaiCAt. SURVEY. PLIOCENE AND PLEISTOCENE, F 



dbyGoogle 



PLATE LXVIII. 

PAGE 

Pig. 1. "Knee" ot Taxodium ntsTicHVu (Linne). L. G. Rlcb. X % 218 
Fig. 2. ■' Burl " rrom Taxodiuk distichdm (Llnnfi), L. C. Rich. X H 218 
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PLATE LXIX. 

PIgB. 1-3. Alnub buqosa (DuRoi) K. Koch 225 

Fig. i. RoBiNiA PSBUUACACIA Ltnnfi 234 

Fig. 5. NrssA BiFLOBA Walt 335 

Fig. 6. XOUBMA uousTBiNA (Linii6) Brltton 236 

FigB. 7-9. Vacci.vium cobymbosuu Llnne 236 

Fig. 10. Ulmls HP.? Hollick 229 
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PLATE LXX. 

Fig. 1. Ulmus BCTUL0IDE8 Hollick 228 

Pig. 2. QreBcue psecpo-alba HoIItch 227 

Pig. 3. Faqus sp. 7 Holllck 226 

Fig. 4. HicoBiA ep. ? Holllck 222 

Fig. 5. POPULUB PSEuno-TBEMULOiDEs Holllck 224 

Fig. 6. PoFULus clabkiaka HoUick 223 

Fig. 7, PopULUB LATioB Al. Br. ? 224 

Pigs. S-11. HonocOTT[£DO!< gen. et. ep. ? Holllck 220 
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PLATE LXXI. 

PlgH. 1-6. QuBBcvs P8EUD0-ALBA Holllck 227 

Figs. 7, 8. Acer ep. ? Holliclc 234 

Fig. 9. Celtis PBEiTiKVCRABaiFOLiA HolUck 230 

Fig. 10. Cabpinus pseudo^aroliniana Holllck 225 

Pigs. 11-13- Ulmus P8EUD0-EACEUO8A HoUick 228 

Pigs. 14, 15. PLANEBA UNGEKI Etta 229 

Figs. 16, 17. Sequoia atoustifolia Lesq 219 

FlgB. 18. 19. Bumelia PSEUDO-LANUGINOSA HoUlck 236 

Fig. 20. Cassia Bp. ? Holllck 233 
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PLATE LXXIE. 

PAOE 

Figs. 1, 16, 17. HicOBiA PSEUWXJLABRA Holllch 221 

Ffg. 2. Pbusus 7 MEBBiAui Knowlton 233 

FlgB. 3-5, QuEBCUS QLEHXii Holllck 226 

PigB. C-10. Ptkbocabya DESTicuLATA (Web.) Heer 222 

Pigs. 11-14. Sapihdus mab¥landtcu8 Holllck 234 

Fig. 15. Jl-olans acuminata A1. Br 220 
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PLATE LXXIII. 
Pigs. 1-6. PiJ^TANus ACBBoiDEs Ckeppert 
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PLATK LXXIV. 
F^K8. 1-8. Plata\l'§ acihioides Qffippert 
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PuiTArius 8p, ? HolHck 



dbyGoogle 



MARYLAND QEOLOQICAL BURVEV. 



□ PLEISTOCENE, PLATE L. 




dbjGoogle 



dbjGoogle 



GENERAL INDEX 



n ot Talbot laima- 



Dawson, Geo. M., IBl. 

DepoBlts, rontlnulty o(, 110. 

Desot B., 26, 39, 46, 142. 

"DlluTlal." 28. 

DUtrlbutlon of spocles, geograpblcallj, 

146. 
Distribution ol species, Keoloslcallj', I4T. 
Dorsey, C. W., 38, 60. 
Drum Point, Ud., 205, 222, 220. 23S, 



Baok rivet, at moutb of, 204. 

BarlHcb. Paul. IS. 

BaT Ridge, Md., 21T. 

Bay Sbore, Md., 103. 

BlbblDB, A., 36, 64, 16S. 

BlbllqgrapbJ, 40-58. 

Bill men bach, 160. 

BodklD Point. Md.. 2 IT. 2 IS, 210, : 

234, 235, :.>3e. 
BoDSteel, I. A., 38, 66. 
Brongnlart, Cbas., 171, 
Burke, B. T. A., 38. 65. 



Cabot, E. C. 142. 
Cape Fear river. 144. 
Cape Maj. N. J., 144. 
Chester. Frederick D„ 30, 30, 47. 
Clark, Wm, Bullocli, T, 18, 38. 4( 
61. 62. .'18. 54, 101. 130, 153. 
Cla»9lHcatlon:< compared. 38, 
ClassincatloDx proposed, table of, S 
Cleavplnnd. Pnrkpr. 2T, 42. 
Coaslnl PIhId discussed, 63. 
Columbia group. 38. 
Comparison of classlflcallons, 38. 
Conrad. T. A., 28. 39, 42. 44, 



Cook. Qeorge H„ 49. 

Cook Point Md.. 174. 

CorrelatloDH. 103. 

Correlation of Pleistocene fauna. 141. 

Cove Point, section of Sunderland 

Custaman, Jotepb A.. 142. 



EsBlon. iM.. 20s. 

BleptianlG of the PlelaloceDf, 140. 

E^>ceiie deposits, 69. 



Fedecalsburg, Md., 174, 176. 170. 1 

183. 184. 18T, IBO, 205. 207. 
Flncb. John, 27, 8». 42. 
Fish House (N. J.) locality. 140. 
Fontaine. W. M.. 46. 40. 
Formations, descrlpllon of. 77. 
Fossil plants, 148. 
Fossil remains. 101. 
Fuller. M-. L., 143, 



a Island, N. T., 143. 
Gaudrr. A.. 169. 

Geoiiraphical dlstrlliutlon of species. 146. 
Geological distribution of species, 147. 
Geological blatorr, 121. 
OodoD. SIItsId. 26. S9, 40. 
Grace Point, Md., 218, 21». 226, 231, 

2S6, 2Se. 
Grove Point, Md.. 226, 229. 231. 235. 



Hampton, Md.. 163. 

Harlan, R., 43. 

Ilnrris, G. D.. 61, 

Haj. 0. P.. 18, 153, 155, 160. 



!, N. J., 144, 

„ 51. 



HlllmBD, F. B., 14». 



dbyGoogle 



QEKEKAL IVDBX 



Historical revtew. SC. 

Hltcbcock. IL, 4S. 

HolUck, Arthar, 18, 101, 136, 148, 108, 



Miocene deposits, S9, 
Mltcblii, Samuel L., 41. 

MoTtOD, S. O., 28, 39, 42. 



NaaJeoiDf crMk, Md., 196. 



IlluatratloDB, 13-16. 

iDtarpretitlon of tb« paleontolOKlcBl 

criteria, 139. 
Iiland creek. Dear headwatera of, 219, 

220, 221. 222, 223, 224, 229, 22T, 

229. 280. 231, 282, 288, 284, 2SG, 

287. 



Keltb, Artbnr, 52, 128. 



tflarette focniatlon, aresl dlatrlbuHona 
of, T9. 

character of materials of, 82. 

dtscusaed, 78. 

stntlsTBphlc relations of, 84. 

gtructore aod tblckness of, 80. 
Uift^ette-Sunderlud aoiTp, 09. 
Uifajette-TaJbot scarp, 76. 
t^Iayette terrace discussed, 06. 
LansleTS BInft, Hd., IBS, 191, 1»2, 194, 

201, 204. 
Leidy, I., 45. 
Levia, H. C SO, 89, 46. 
Llndeokotil, A., 50. 

Lncaa. F. A., IS, 101, 189, 149. 1S8, IDO. 
LudlofC, , 148. 



HcCoonell, J. C, 10. 

McGee, W J, 24, 31, 89, 47, 48, 49, SO, 

54, 85, 123. 
Haelare, Wlltlftm, 20, 89, 41. 
Haddreu. A. Q.. 164. 
Hammotli, Imperial, 16H. 
Mammotli, Northern, 163. 243. 
HamiDotti, Boutliern, 105. 
MsrUn, J. O., 68. 
UaatDdOD, Americas, 160. 240. 
Ua thews, B. B., T, 8S, B5. 
Uerrl'1, F. I. H., 142. 
Middle elver, Md., 186. 
Ullter, B. L., 7, 18. 



Oabom, H. v., 150, 168. 

Ospce;, Fla.. 140. 

Oxford Neck, Md., 157, 164, IBS, 107, 



Packard, A. 8., 142. 

PaleoDtologlcal criteria. Interpretation 

of, 139. 
Peale, Cbas. Wllsan, 152. 
PbjBloKraph; of the region, 03, 
Plelstoceae deposits, 62. 
Pleistocene elepbants, ISO. 
Plelstoceoe fauna, correlation of, 141. 
Flelatocene fauna, local Interpretation 

of, ISO. 
Pleistocene Sore, 148. 
Pleistocene period discussed, 34. 
Pleistocene plants, 14S. 
Pliocene deposits, 61. 
Pliocene period, TS. 
Point of Rocks. Md., 222. 226, 227, 228, 

232. 
Point Shirley, Mass., 141. 
Pond Neck, Md., 219. 
Port CoTlngton, Md., 198. 
rotomac shore, St Mary's Count;, 186. 
Pre-Cambrlan deposits, 57. 
Preface, 17. 



Range of species geoloKlcatlT, 146. 

Rathbun, Richard, IGl. 

Recent deposits, 62. 

Recent terrace discussed, 74. 

Kemsen, Ira, S, 

Rlea, Helnrlcb, SB. 5S. 

Rogers, B. D., 20. 39. 46. 

Rogers, W. B., 30, 31, 89, 46, 47. 



Salisbury. R. D., 37. 66. 
Sankoty Head, Mass., 142. 
Schuchert. Chaa., 120. 
SellardB, E. H.. 18. 153, 165. 
Shnler, N. 8., 46. 
Sbattuck. O. B., 7, IS. 54, SIS, 56. 
SlWester, H. W., 5. 
SlmmoDB Bluff, S. C, 144. 
Smith. Capt. JobD, early 
25. 39, 40. 



dbyGoogle 



aSKEBAL INDEX 



Smith, W. O., 56. 

Smock, J. C. 47. 

Solomon'i UlRod, shore opposite □(, S 

Sparrows Point, IBS, 196. 

Species, geologl<!Bl range of. 146. 

Species, distribution of, 14S, 147. 



Ubler, P. R, 36, 89, 47, 49, 

153, 135. 
tJlrleh, E. O., 18. 
U. S. Geological Snrrer, 19. 
D. 8. Natloanl Uussom, ID. 



101. 
Stratlgniphlc reUtloDS, 67, 
Stream yslleys la Coaatsl Plain, 76. 
Sunderland (onneUou. 14S. 

areal distribution of, se, 

character of matsrlals ot, S7. 

dlacosaed, 86. 

section near Coia Point, 88. 

stratlgcaphic relations of. SD. 

atraclure and thickness ol, S6. 
Sunderland terrace discussed, 68. 



TaltMt torEuatlon, 1 



character of materials of, 96. 

dlBcniwed, SS. 

fossils of, 99. 

section ot. west side Anacostla 

atratlgraphlc relations of, 100. 

Btmctnce and thickness of, 96. 
Talbot terrace discussed, T». 
Terraces of Coastal Plain, SG. 
Terrace formations dlscuaied. 111. 
Tollj Point, Md., 217. 
Tuome;. Michael, 144. 
TurkeT Point, section o( Wicomico for- 
mation at 94. 
TyaoD, F. T., 29, 39, 45. 



Wsdmalaw Bound. B. C, 144. 

Walles Blutr, Md., 174, 176, 177, 178, 
179, 180, 181. 182, 188, 184. IBB, 
1S7. 188, I8B, 190, 191, 192, 198, 
194, IBS, 196, 197. 198 199, 200, 
201, 202, 203. 204, 20G, 206, 207, 
208, 209, 210, 211, 212, 214, 21S, 
216. 

Ward, Lester F., 53. 

Wai-fleld. Edwin, B. 

White, David, 120. 

White, I, C, 48. 
Whitne;, Hilton. 38. 50, Gl, B8, 
Wicomico formation, areal distribution 
of. 92. 

character of materials, 9S. 

dlscosaed, 62. 

sectton of at Turbe; Point, 94. 

stTBtlttraphlc relations ot. 9B. 

structure and thickness. 93. 
Wicomico terrace discussed. 71. 
Williams, G. H., CO, 01. 02. 



dbyGoogle 



dbjGoogle 



PALEONTOLOGICAL INDEX 

B-lgnrM tn ttaUci tndleatc prinelptl dUcaulon. 



Acer, e«. 








ap,. tu. tn. 






omatns, 178. 


Acteon granalatna, 188. 
AciiB, m. 






aapldaa, 1*4, Mfc W. m, 174, WT. 






tozoteg, ITS. 
CalyptrteldB, 189. 


Allsens, CM. 






CaDcrotdK, m. 


elewtfc 112, 148, H7, 1«, KM, tM. 


Cancraldea, m. 


Allima m«cropliylliim. MO. 






Carplnna, tts. 


AlDUS. Its. 






carolinlana. iSi. 


ruBOM, OS, 275. 






gran did, MS. 








heerll, m. 


Anguine, 1«, 1.7, JW. 








Area. tos. 






Caaala. tM. 


Incite, KM. 






nmlilKuB, ESS. 


llmula, 2M. 










146. 


14B, M7, 


CeltlB, UP. 


m. 270. 






craasltollB, sao. 


trans versa. 9S. IM, IM. 








toe.nn. 






georglana, tSO. 


ArcBcea, «». 








Arelds, tK. 








Arclns, »M. 






pseudo-eraaatfoUa, M), B77. 


Aran 1 ten dutilua, J20. 






Cerithlum dlalocatDm. 177. 


Arthropoda, IM, ITO. 






ChelTdca, m. 


AslniDKlB dnnee. Ilg. 








AatjriB, us, IM, 146. 14«, 147. 


IBS. MB. 


Chelrdrldc, m. 


lunata, IBS. 






Cmioatomata, tio. 


B 






Chrraalllda. 145. 1*7. m. WT, IM. 


Balanlde. m. 






Clrrlpedla, /7(. 


BalaauR. rri- 






ClBludo eur^p^gla, IM. 


crsnatus, IM, 1*4, ]«. 


147, 


t7i. 176, 


ClarallDa. tis. 
Cllona, ta. 


pfircntus 'lJ6 






sulphurea, Its, 146. 1*7. ta, 87i. 


Baniea, tgt. 












M8. 


CcBlenterata, U6, tlS. 


Bp(ula.K8. 


■ 


Coleqptera. ITO. 








ColumbellB. IM. 


Botuincee, tM. 








Brachyiira, ITt. 






luData, 14S, I**. 146, 1*0, 147. Ut, 181, 


BiTOZoa, tlO. 








Bucclniim obsoletum, isi. 
Bucolnum irlvlttata. ISO. 












Con If oral PB, irt. 








Corbnla. 193. 

coatraeta, 148. i**, 146, 140, 1*7. US. 


PMudo-IanuRlDosa, US. »T. 




sto. 








CorbatldB, as. 


Buaj-con carlca. ITO. 






Cornace*. tts. 



dbjGoogle 



PALEONTOLOGIOAL INDEX 



Crepldala. m. 

tomlcata, lU, I 



Fltleales, trt. 



, »6, 14S, uT, m. 



pUdi, W, Its, IM. 1*6, 140, 147, m, 
26T. 

nagnltarmls. UO. 
Crlstellarla, IIS. 

rotnIatB. 1«, I4T, MS, Zti. 
Cmstacea, 156, m, 
CiTpta fornlcata. IW. 
Crrptodira, JW. 
CtenobreDchlala, tTT, 
CamlnKla, 197. 

medUlla, IM. 

telllnoldei, 14S, US, IM, 14r, 197. ttt. 
Cnoeocorbala, IRS. 



Decapoda.nt. 
niCDtfledoDa, ttO. 
DIpeltlB. 171. 
Dodecacerea, £14. 
Drapacen, 03, 



Ebenales, tX. 
EHephantldn. OT. 

Blsphaa. lOS, in, Ul, 03. IW. 
amerlcBTiiiB, 1(8, in. 108. 
antlqnas, in. 
colnmbl. 162, U7. US, lEB, K5, IW, 1 



ME, !■ 
Imperator, ; 



JacksoDl, iSfi. 
meridioTiatlB, UB, 
iDlsatsBlppteDalB, IBS. 
pHmlgeDlua, 167, ISS, ISe, 

primlKenluB colnmbl, 166. 
teilSDUH. ISO. 
Bnvdlda, as. 



Erlcacen. SW. 
Bricalea, tx. 



., 14S, m, 146. 147, la. SS6. 



FAKaces. CM. 
FngalEB, Kf. 
Fagua, SM. 



144, 14S. 1 



Palgar, m. 

canallcalatum, 1 

26t, 154. 
wudlcnlatDB, ISO. 
carlca. 89, IH. 14h 147, f». ISO, tO, 

ao, ai. 



Qastrocbsna, E14. 
OaBtropoda, rrs. 
Onathodon euneata, 9S, 
OnatbiNloD cnneatua, 
OrnuogloBsa, ISi. 
Q;mD09penim, 117. 



HadroniBrlDa, US. 
HICOFla, ttl, ta, tXS, 2SS. 

glabra, m. 

minima, !£!. 

pecan, sss. 

paeudo-Blabra, Ul, E78. 

Bp., at. £76. 
HormoDira. 143. 14S. U7, SOS. 
BjleBlDQi, 171. 

I 

IlTanawa, HI. 

obMleU. 142, 143, 144, I4S, 147, 181, U6. 
iDiecta 166, flO. 



JamlQla semlnuda, 18S. 
JuKlandacee. aW. 
JuslandalcB, ttO. 
JuKlans, uO. 

acamlnata. IIH, 278. 

cryptata, 228. 

dentlculata. !S2. 



lASena, lli. 

globosa, 146. 1 

Lasenldn, lf|. 
Leda.RW. 



I, 147, I 



llmatnla, 109. 
LcffumlDOBlCes salkloaB. 233. 
LeDtlculltes rotnlata, 216. 

Leptonlds, BC. 
LItbodomuB, 214. 



dbjGoogle 



PALBONTOLOOICAL INDEX 



MMOin«,lM. 

bClttllcB, MS, lU, UO, 117. : 

ea.lcar*K. lU, 1«T, 148, at. 

Uactra lateralis. IH. 
Maetra telllDoidei, leT. 
Mactracca, IB^ 
UaetrldK. m- 



Halacoatraca, nt. 
Ifammalln. i&J, 1ST. 
Uammut. 150. ^0. 

amerlcanuni, UT, U». Mr, MO, : 



boraonl, IBB. ISO. 

obaeaniB, 167. 

ohtotlcum, UO. 

pmavuB, iBg. 
HanKllla, m. 

cerlna. 115, 117, m, SIS. 
HaatodoD amerlcaniui, UO. 
Mastodon glganteua. UO. 
MaatDdoD mailmna. im. 
Uaatodon obiotlcus, 160. 
UaatodoD rugosideus,' Ut. 
MemtiraalporB, tlO. 



germana, fli, Jia. 
obloagiila. tit. 
[larvula, eH. 

Membraniporldw, eW. 
UerceDarla notata. Ml. 
U«re«iiaTU rlolacea, loi. 
MteritberlDm, ISO. 
Uolluaca. IM, ITS. 
MoUiucDldea, 150. til. 
MoDOCOtrledon gSD. et ap., tM, 178. 
MoDocotyledona), CM. 
Uomacutft bldeutata, tos. 
Montacota eleraU, jOt 
MulInU, l*f 

lateralis, lu, lu, IM, llT, Hi, Ktl. 
Mnrei canallculatua, IBO. 

Mnrlclde, IK. 

Hasopbyllnm com pi lea turn. ISO. 

U7a, m. 

arenarU, W. U2, IM, I4E. IM, 147, iM 

2K, seo. 

com plana ta, 203. 
U7ecea, IM. 
MTaddffi, IRI., 
Mytllacea, fOl. 
MjtiiidK, ta. 
HytllDS, tl». 

bamatus, 14S, us, 147, tw. see. 



pernlta, 181. 

trlTlttats, 1(2, Its. U4. 145. 1 



191. 

Nautilus beecarll, ns. 
Nautilus Btrlatopunctata, 218. 
Nsverlta, 14s. 1(6, 146, 147. iSl, S6T. 

dn plica ta Ul. 
Nofftla, 14S, 146, I4T. HW. 870. 

NucuJa, tai. 
aeau,»]8. 
limatala, Z08. 
obllqua. 107. 
pTOilma, 145, 1(8, 147, m. 271. 



Njaaa,Mf. 

blBora. as, 276. 
sp.. SJS. 



Odontostomla linpreaaa, 187. 
Odontostomla nmlnoda, I88. 
OdoatoDila, 188. 

aeatldena. 1(6, 148. 147. 187, 268. 

conoldea. 187. 

granalatus, 188. 

Impressa. 1(8, IM, 145. 14T. m, HM. 

melanoldes. 180. 

BemlaudB, I4G, 1(7, tW, V>8, 
OpIetholirBDcblatB. ITS. 

9 p., tn, 278. 
Oamundacen, ttJ. 
Ostracea, VH- 
Oatrea, tH- 

fnndata, 204. 

vlrglDlona, 20(. 

TirglDlca. M. 100, 1& 148, 1(4, 145, IM^ 
147. m, 807, 288, 200. 
Ostreldai, 10>. 
Oylboa cavlCroDH, 48, 



PalKomaatodon, ISO. 
Paptllonacen, Uf. 

PatPllo (arnica ta, 180. 
Pel^cypoda. at. 



dbjGoogle 



dbjGoogle 



